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IN THE UNTTED states P ATENT AND TRADEMARK OFFICg 
In re Patent Application of 

ANDREOLETTI, ETAL Atty. Ref.: 620-359 

Serial No. 10/523,593 Group: Unassigned 

Filed: February 4. 2005 Examiner: Unassigned 

For: HETEROPOLYMERIC COMPOUND COMPRISING A SCAFFOLD. AN ADJUVANT 
AND AN ANTIGEN. AND ITS USE 



January 10, 2007 

Mail Stop POT 

Commissioner for Patents via fax: 571-273>4)459 

Office of PCT Legal Administration 
P.O. Box 1450 
Alexandria. VA 22313-1450 

Attn: Office of PCT Legal Administration 
Ms Cynthia M. Kratz 

Sir: 

RULE 182 PETITION 

Responsive to tiie telephone message from Ms Kratz received by the 
undersigned on January 10, 2007, attached is a copy of the following: 

(1) USPTO date-stamped post card receipt from submission of January 3, 2007; 

(2) USPTO date-stamped post card receipt from submission of November 2, 

2006; 

(3) copy of Information Disclosure Statement and PTO 1449 Form filed January 
3, 2007 (dated January 2, 2007); 

(4) copy of WO 2004/020639 filed January 3, 2007; 

(5) copy of Christiansen et ai, Journal of Virology. May 2000. 74, No. 10. pp 
4672-4678, filed January 3, 2007; 
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ANDREOLETTI, ETAL 
Serial No. 10/523,593 
January 10, 2007 
Rule 182 petition 

(6) copy of Libyh et al, Blood. November 15, 1997, Vol. 90. No. 10, pp 3978- 
3983, filed January 3, 2007; 

(7) copy of International Search Report dated July 18, 2005, issued In connection 
with PCT/IB2004/002717, filed January 3, 2007; 

(8) copy of cover letter filed November 2, 2006; 

(9) copy of Renewed Petition Under 37 CFR 1.47(a) filed November 2, 2006; 

(10) copy of Declaration (6 pages) filed as a part of Renewed Petition on 
November 2, 2006; and 

(11) copy of Supplemental Application Data Sheet filed November 2, 2006. 
The attached is being resubmitted as a review of the PTO IFW indicates that the 

same has not been scanned and entered and Ms Kratz confimied in the telephone 
message of January 1 0, 2007 that the attached does not appear to have been received 
by the Patent Office. 

The attached post card receipts are submitted as evidence of receipt of the 
attached papers on the indicated dates. 

The present paper Is being submitted In the form of a Petition, as suggested by 
IVIs Kratz. No fee is believed to be required for consideration of the present Petition as 
the orlglnally-filed papers are believed to have been received by the Patent Office 
however the Office is authorized by the attached cover letter to charge the 
undersigned's Deposit Account No. 14-1 140 for any fee required to consider the present 
Petition. 

Grant of the present Petition and favorable consideration of the attached 
Renewed Petition are requested along with a Notification of Acceptance or other paper 
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ANDREOLETTI, ET AL 
Serial No. 10/523,593 ^ 
January 10, 2007 
Rule 182 petition 

notifying the undersigned that the present application has been fon^^arded to OIPE for 
further docl<etlng and action as a 371 U.S. National Phase application. 

The Office is requested to contact the undersigned in the event anything further 
is required. 



Respectfully submitted, 
NIXON & VANDERHYE P.O. 



By: /B. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 

BJS: 

901 North Glebe Road, 1 1th Floor 
Arlington, VA 22203-1 808 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Patent Application of Atty 620-359 

c# m 

ANDREOLETTI, ETAL. TC/A.U. Unassigned 

;©riaiNo. 10/523.593 Examiner: Unassigned 

Filed: February 4, 2005 Date: November 2, 2006 

Title: HETEROPOLYMERIC compound comprising A SCAFFOLD. AN ADJUVANT 
AND AN ANTIGEN, AND ITS USE «UJU vmim 



P. 07 



Mail Stop PCT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Attn: Office of PCT Legal Administration 

Sir 

. RENEWED P ETITION U^fDER 37 CFR 1.47fal 

This IS a response/amendment/letter in the above-identified application and includes an attachment v^hUsh is hereby 
incorporated by reference and the signature below serves as the signature to the attachment In the absence of any other 
signature thereon. ' 

□ Correspondence Address indication Form Attaciied. 
Fees are attached as calculated below: 

Total effective claims after amendment 0 minus highest number 
previously paid for 20 (at least 20) = Ox $50.00 

Independent claims after amendment 0 minus highest number 
previously paid for 3 (at least 3)= 0 x $200.00 

If proper multiple dependent claims now added for first time, (ignore improper); add 

$360.00 (1203)/$1 80.00 (2203) S 
Petition IS hereby made to extend the current due date so as to cover the filing date of this 
paper and attachment(s) One Month Extension $1 20.00 (1 251 )/$e0.0O (2251 ) 

Two Month Extensions $450.00 (1252)/$225.00 (2252) 
Three Month Extensions $1 020.00 (1 253/$51 0.00 (2263) 
Four Month Extensions $1590.00 (1254/S795.00 (2254) 
Five Month Extensions $21 60.00 (1 265/$1 080.00 (2255) $ 1 20.00 
Terminal disclaimer enclosed, add $130.00 (1814)/ $65.00 (2814) $ 

□ Applicant claims "small entity" status. □ Statement filed herewith 

Rule 56 Information Disclosure Statement Filing Fee $180.00 (1 806) 



$0.00 (1202)/$O.GO (2202) $ 
$0.00 (1201 )/$0.00 (2201) $ 



Assignment Recording Fee 
Other. 



$ 0.00 
$40.00(8021) $ 0.00 
$ 0.00 



TOTAL FEE ENCLOSED $ 120.00 

I«JS2iriIlt? ^^'^^l ^f'^i^J^'^ *° ""^^'^^ dsf!slg!3fiy. or credit any overpayment, in the fee(s) filed, or 

«n? ^rlf^ S^IS ^T^l 5^^? ^''^^ 'Ti^'^^ P«P^^ ^^^^^ fi'^^ m this Application by this 

firm) to our Account No. 14-1140. A dyaljcgte copy of this sheet is attached. 



901 North Glebe Road, 1 1th Floor 
Arlington, Virginia 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
lJS:pp 



NIXON & VANDERHYE P.O. 

By Atty: B. J. Sadoff. Reg. No. 38.663 



Signature: 
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IN THE U^fcp STATES PATENT AND TRAD^RK OFFICE 

In re Patent Application of 

ANDREOLETTI, ETAL. Atty. Ref.: 620-359 

Serial No. 10/523,593 . Group: Unasslgned 

Filed: Febmary 4. 2005 Examiner: Unasslgned 

For HETEROPOLYMERIC COMPOUND COMPRISING A SCAFFOLD, AN ADJUVANT 
AND AN ANTIGEN. AND ITS USE 



November 2, 2006 

Mall Stop PCT 

Commissioner for Patents 
Office of PCT Legal Administration 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Attn: Office of PCT Legal Administfatlon 

Sin 

RENEWED PETITION UNDER 37 CFR 1.47fa^ 
Receipt of the DECISION dated August 3, 2006, is hereby acknowledged. 
Attached is a completely executed Inventors Declaration (3 copies, 6 pages total) which 
have been further executed by Pierre Andreoietti, Michel Julien and Emmanuel Risse. 

Also attached is a Supplemental Application Data Sheet which includes the new 
addresses of Pien-e Andreoietti, Michel Julien and Emmanuel Risse. 

The Rule 47 Petition and Statement in support thereof dated February 27, 2006 
is beiieved to be moot in view of the attached. The Office is requested to fonward the 
application to OIPE, or other appropriate Office, for docketing and assignment to an 
examiner for examination on the merits. Altematively, the Office is requested to advise 
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ANDREOLETTI, ET AL. 



Serial No. 10/523»593 
November 2, 2006 




the undersigned in the event anything further Is required to complete the filing of this 
U.S. national phase of PCT/EP2003/008926, 

Respectfully submitted, 



NIXON & VANDERHYE P.O. 




BJS:pp 

901 North Glebe Road, 1 1th Floor 
Arlington. VA 22203-1808 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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IN THE l^^D STATES PATENT AND TRAdArK OFFICE 

In re Patent Application of 

ANDREOLETTI.ETAL . Atty. Ref.: 620-359 

Serial No. 10/523,593 Group: 1645 

Filed: February 4, 2005 Examiner Unassigned 

For. HETEROPOLYiy^ERIC COIVIPOUND COIVIPRISING A 

SCAFFOLD, AN ADJUVAIMT AND AN ANTIGEN, AND ITS 
USE 

**•**«***♦« 

Commissioner for Patents January 2 2007 

P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



1. 



INFORMATION DISCLOSURE STATEMENT 
PTO-1449 Pursuant to 37 CFR .1.97(b) 

[within 3 months of filing or prior to 1st Office Action on the merits] 

N/C 



□ 2.(a) Statement Pursuant to 37 CFR 1 .07(c) 

[before Final Office Action or Allowance (requires Rule 97(e) 
Statement qt Rule 1 7(p) fee)] N/C 

□ 2 .(b) Fee Payment Pursuant to 37 CFR 1.97(c) 

[before Final Office Action or Allowance (requires Rule 97(e) 
Statement or Rule 1 7(p) fee)] $180.00 

□ 3. Pursuant to 37 CFR 1.97(d) 

[after Final Office Action or Allowance (requires Rule 97(e) 
Statement and Rule 17(p) fee), but before final, fee payment] 

$180.00 
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ANDREOLETTl, ET AL. ^ 
Serial No. 10/523,59^^ 

The following are submitted In the above-identified application in compliance with 
37C.F.R.§§ 1.97 and 1.98: 

lEI 4. A list of documents on Fomi PTO-1 449 together with copies of each 
Identified document and a translation or a concise explanation of 
each non-English language document (such as a Search Report) is 
enclosed herewith. 

This paper Is submitted in accordance with: 

S 5. 37 CFR 1 .97(b): [within 3 months of filing or prior to 1st Office Action] 

□ 6, 37 CFR 1 .97(c): [before Final Office Action or Allowance, whichever is earlier]; 

and 

□ a) The required Statement made in Item 8 below; or 

□ b) The $1 80.00.fee specified in 37 CFR §1 .1 7(p) for submission of this 

Information Disclosure Statement is authorized In item 9 below; 

□ 7. 37 CFR §1 .97(d): [after Final Office Action or Allowance (requires Rule 97(e) 

Statement gnd Rule 17(p) fee), but before final fee payment]; and 

□ a) The fee ($1 80.00) required by 37 CFR §1.1 7(p) Is submitted herewith; 

and 

D b) The required Statement is stated in item 8 below. 

□ 8. Statement under 37 CFR 1 .97(e) 

□ a) The undersigned attorney of record hereby certifies under 37 CF.R. 

§1 .97(e) that each item of information contained in this Information 
Disclosure Statement was first cited In a communication from a foreign 
patent office in a counterpart foreign application not more than three 
months prior to the fiiing of this Infomiatlon Disclosure Statement (each 
item contained in this IDS was the first citation of that Item by a foreign 
patent office in a counterpart foreign application which occurred no more 
than three months prior to the fiiing of this IDS); or 

O b) No Item of information contained in this Information Disclosure Statement 
was cited in a communication from a foreign patent office In a counterpart 
foreign application, and, to the knowledge of the person signing this 
Statement, after maldng reasonable inquiry, no item of information 
contained in this Statement was known to any Individual designated In 37 
CFR §1 .5.6(c) more than three months prior to the filing of this Infomiatlon 
Disclosure Statement. 
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ANDREOLETTI. ETAL. 
Serial No. 10/523,59^^ 

El 9. Please charge all deficiency fees assodated with the submission of this 
Information Disclosure Statement and any other fees applicable to this 
application to Deposit Account No. 14-1140. An original and one (1) copy of 
this document are enclosed. 

Respectfully submitted, 
NIXON & VANDERHYE P.O. 



By: 




B. i^^adoff 
Reg. No, 36,663 



901 North Glebe Road, 1 1th Floor 
Arlington. VA 22203-1808 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 
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(Use sevsral sheets if necessary) 



Aliy.UUUKbl NU. 
620-359 




ANDREOLETTl. ET AL. 



KIALNU. 

10/523.593 



HUNiaUAlb 

February 4, 2005 



Unassigned 



'EXAMINER 
INITIAL 



U.S. PATENT DOCUMENTS 



DOCUMENT NUMBER 



DATE 



5,219,987 06/1993 



NAME- 



Verdini et al 



FOREIGN PATENT DOCUMENTS 



mUNQ DATE 
CLASS SUBCLASS IF APPROPRIATE 



DOCUMEhfT 



DATE 



COUNTRY 



CLASS SUBCLASS YES NO 



WO 2004/020639 03/2004 



WlPO 



OTHER DOCUMENTS (including Author. Title. Date. Pertinent pages, etc.) 



Christiansen et al, Journal of Virology. May 2000. 74. No. 10. pp 4672-4678 
LIbyh et al, Blood, November 15. 1997. Vol. 90. No. 10. pp 3978^3983 



International Search Report dated July 18, 2005, Issued In connection with 
PCT/IB2004/Q02717 




Form PTD-FaASaO (Also PT0.144B! 
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PLICATION PUBLISHED UNDER THE PA' 



(19) World InteOectaal Property 
OrganizatiDii 
International Bureau 

(43) International Publication Date 
11 March 2004 (11.03.2004) 



lTE^II^o; 



PERATION TREATY (PCT) 




(10) International Publication Number 

PCT wo 2004/020639 A2 



(51) InternatSonal Patent ClassSllcation^; 



C12N 1S/6Z 



(21) Internaticuial Application Nnmber: 

PCT/BP2003/008928 

(22) International Filing Date: 12 August 2003 (12.08.2003) 
(25) Filing Language: Bngllsh 
(26i PubiicatiDn Language: Bnglish 



(3D) Priority Data: 
02292043.3 



14 AaguBt 2002 (14.08^002) EP 



(71) Applicant (for all designatsd States except US): AVIDIS 
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[IB/FR]; AvJdSs SA» Biopole Clennont-Lim«^nc> F-63360 
Saint-BeanrirB (PR). JULIEN, Michel [FR/FR]; Avidis 
SA, Biopole Oernxont-Liraagne, F-63360 SBint-Beaoxize 
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lis, York House, 23 Kingsway, London, Greater London 
WC2B 6HP (OB). 

(81) Designated States (national): AB, AG, AL, AM, AT, AU, 
AZ, BA. BB, BG, BR, BY, BZ, CA. CH, CN, C0» CR. CU, 
CZ. DB, DK, DM, DZ» EC, BB» BS» H, OB, OD, OB, OH 
QM, HR, HU, ID, IL, IN, IS. JP, KB, KG, KP, KR, K2, LC, 
LK, LR, LS, LT. LU, LV, MA, MD, MG. MK, MN. MW, 
MX, MZ, NI, NO, NZ. OM, PG, PH, PL, PT. RO, RU, SC, 
SD, SB, SG, SK, SL. SY, TJ, TM. TN, TR. IT. TZ, UA. 
UO, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Debated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
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BS, FI, FR, QB, GR, HU, IE, rr, LU, MC. NL, PT, RO, 
SB, SI, SK, TR), OAFl patent (BF, BJ, CF, CO, CL CM, 
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— without international search report and to be republished 
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once Nates on Codes and Abbreviations*' appearinig at the begin- 
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(54) Title: PRODUCTION OF MULTIMBRIC FUSION PROTOINS USING A C4BP SCAFFOLD ~ 
§ (57) Abstract: '^^^F^^t invention provides a method for obtaining a rpcombin 

^ mina^ core protein of C4bp alpha chain, ^d recombinant fusion p^tein being capable of Kg SES tn ^bfe^^^^^ 
^ ^ka^otic host cell, the method hicluding the steps of (i) provicSng a prok^Tc host cdl^nTat^feica^^^ 
O protein opeiably linked to a pn)moter functional in said pr^a^c cell; (ii) cuS 5ic S ^1 c^^^^ 
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PRODUCTION OF MULTIMERIC FUSION PROTEINS USING A C4BP SCAFFOLD 
Introduction. 

This invention relates to methods for producing high yields of 
5 fusion proteins and polypeptides comprising a C^hp domain in 
prokaryotic cells, 

Background of the Invention, 

The advent of recombinant DNA technology has provided the 
10 possibility of large scale production, of biologically active 
proteins for therapeutic use. There are now many recombinant 
' DNA produced products in the clinic or under development, 
including large proteins such as erythropoietin, small 
peptides, and antibody fragments . 

15 

It is known in the art that a difficulty with proteins is one 
of half life. Many proteins and peptides have a short half- 
life in vlvof reducing their usefulness. It has been found 
that multimerisation of protein and peptide molecules is a way 
20 of increasing the half-life of these molecules thus allowing 
them to exert their activity over a longer time scale. Many 
functional biological molecules have been found to be more 

potent in vivo when in the form of an oligomeric structure, 

♦ 

This is due to factors such as binding with avidity rather 
25 than affinity, and/or the ability to cross-link molecules 

(e,g. identical receptor subunits as in the insulin receptor 
that are activated through* dimerisation, or non-identical " 
molecules to form signalling complexes on the cell surface, 
such as in lymphocytes) • These properties of increased half- 
30 life and avidity enable lower doses of the protein and peptide 
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molecules to be used, thereby reducing costs and dose- 
dependent side-effects. 

Different approaches have been proposed for making mul timers 
of recombinant proteins. For example, chemical linkage of 
proteins to polymers such as polyethylene glycol has been 
attempted (Katre et ai,, (1987) Proc. Natl. Acad. Sci. USA 84, 
1487) . This technique, however, is cumbersome and requires 
large amounts of purified material. In antibody molecules, 
modifications of the disulphide-f orming possibilities in the 
hinge, and other regions of the molecules have been attempted 
in order to modulate the extent to which antibodies will 
associate with each other. Results however have been 
inconsistent and unpredictable. Similarly, use of protein A 
fusions to generate raultimeric antibodies may successfully 
link antibody fragments, but is of limited application in 
other fields. 

A new multimerisation system using the complement 4 binding 
protein (C4bp) is described in wo 91/11461. Human C4-binding 
protein (C4bp) is a plasma glycoprotein of high molecular mass 
(570 kDa) which has a spider like structure made- of seven 
identical alpha-chains and a single beta-chain. The. C4bp alpha 
chain has a c-terminal core region responsible for assembly of 
the molecule into a multimer. According to the standard 
model, the cysteine at position +498 of one C4bp monomer forms 
a disulphide bond with the cysteine at position +510 of. 
another monomer. • A minor form comprising only seven alpha- 
chains has also been found in human plasma. The natural 
function of this plasma glycoprotein is to inhibit the 
classical pathway of complement activation. 
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WO 91/114 61 proposes that the ability of the C4bp protein to 
multimerise can be used to make fusion proteins comprising all 
or part of C4bp and a biological protein of interest. The 
fusion protein will form multtmers which provides a platform 
6 for the protein of interest, in which said protein has an' 

enhanced serum half-life and increased affinity or avidity for 
its targets. Fusion proteins of C4bp were targeted as the 
focus of novel delivery and carrier systems for therapeutic 
products in WO 91/11461. 

10 

Most of the alpha-chain of C4bp is composed of eight tandemly 
arranged domains of approximately 60 amino acids in length 
known as complement control protein (CCP) repeats. Inclusion 
of one or more of these domains was preferred in the fusion 
IS proteins described in WO 91/11461, but it has since been 

demonstrated that all CCPs can be deleted (leaving only the C- 
terminal 57 amino acids) without preventing raultimerisation . 
(Libyh M. T. et al.,. (1997) Blood 90, 3978). This C-terminal 
region of C4bp is referred to as the C4bp core. 

10 

Libyh et al- (1997), describe a protein multimerisation system 
which is based on the C-terminal part of the alpha chain of 
C4bp. The C-terminal part of the C4bp lacks biological 
function, but is responsible for polymerisation of C4bp in the 

!5 cytoplasm of CHO cells producing C4bp* Libyh et al. were able 
to induce spontaneous multimerisation of associated antibody 
fragments to create homomultimers of scFv fragments using the 
C4bp fragment. The C-terminal portion of C4bp used was placed 
C-terminal to the scFv sequence, optionally spaced by a MYC 

50 tag, 

Oudin et al. (2000, Journal of Immunology, 164, 1505) further 
use the C4bp core multimerising system for forming hetero- 
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multimeric multi CRl/scFv anti-Rh (D) molecules . The chimera 
proteins were expressed in a CHO cell line by co-transfection 
of these cells and by two different vectors {one encoding CRl 
and the other encoding ScFv anti Rh-D) and were found to 
spontaneously multimerise in the cytoplasm of the transfected 
cells from which they were secreted, 

Christiansen et ai, (2000, Journal of Virology, 74, 4672) 
further demonstrate the production of homo-multimeric fusion 
proteins encompassing the CD46 ectodomain linked to the C4bp 
core in 293 EBNA cells. 

Self-assembling multimeric soluble CD4-C4bp fusion protein 
have also been demonstrated in Shinya et al. (1999, . Biomed & 
Pharmacother, 53, 471) where the fusion proteins were 
expressed in 293 cells. 

Shinya et al. further suggest that the pharmacokinetic 
properties of fusion proteins containing the C4bp core domain 
are modified due to the increase in the in vivo plasma half- 
life of these recombinant fusion proteins in mice. As the core 
domain used is of human origin, adverse immunological 
consequences from its administration to humans would be 
minimised. 

To date, fusion proteins based on C4bp core protein have been 
expressed in eukaryotic cells. The yields of fusion protein 
from eukaryotic cells has rarely reached 2 micrograms per 
millilitre of culture ' supernatant (Oudin et al. ibid) and this 
could be achieved only after rounds of gene amplification. 
This level is too low for the economic production of large 
quantities of many fusion protein for therapeutic use. 
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One possible way of achieving higher yields would be to use a 
prokaryotic expression system. WO91/00567 suggests that 
prolcaryotic host cells may be used in the production of C4bp- 
based proteins, though there is no experimental demonstration 

5 of any such production. A nutnber of considerations however, 
would suggest that the. use of prokaryotic systems would be 
disadvantageous. In particular, many eukaryotic proteins 
lose some or all of their active folded structure when 
expressed in cells such as Escherichia eoli. Other eukaryotic 

10 proteins denature or are completely inactive when expressed in 
prokaryotic cells . 

C4bp is a secreted protein in mammals, and these are known in 
the art to be particularly difficult to produce in a correctly 

15 folded form in prokaryotes. Proteins with disulphide bridges 
are particularly problematic/ as are those that require 
oligomerisation. Disulphide bonds are. not normally produced in 
the reducing environment of the bacterial cytoplasm, and when 
they can form, they can stabilise misfolded or aggregated 

10 forms of the protein. 

Usually, recombinant proteins expressed in prokaryotes are 
aggregated inside inclusion bodies within the host prokaryotic 
cell. These are discrete particles or globules separate from 

>5 the rest of the cell which contain the expressed proteins 

usually in an agglomerated or inactive form. The presence of 
the expressed protein in the inclusion bodies makes it 
difficult to recover the protein in active soluble form as the 
necessary refolding techniques are techniques are inefficient 

JO and costly. Proteins purified from ^inclusion bodies have to be 
laboriously manipulated, denatured and refolded to obtain 
active functional proteins at relatively poor yields. 
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With regard to expressing C4bp core fusion proteins in- 
prokaryotic cells, other considerations have also to be takisri " 
into account. Firstly, each core monomer retains two cysteine 
residues, and according to the model of C4bp xnultimers 

5. accepted in the art, these cysteines are required to form 
inter-xnolecular disulphide bonds during the assembly of 
multimers. The reducing environment of the prokaryotic 
cytosol such as the bacterial cytosol would be expected to 
prevent the formation of C4bp core multimers by reducing these 

10 disulphide bonds. 

Secondly, multimers are assembled during passage through the 
eukaryotic secretion apparatus, which is known to assist 
protein folding in ways not available in prokaryotes (e.g. the 
15 presence of protein disulphide isomerase and unique 

chaperones) , Thirdly, even under conditions where relatively 
small yields were obtained in eukaryotic cells (micrograms per 
millilitre) , this secretory pathway is unable to produce 
homogenous protein. 

10 

Summary of the Invention. 

The inventors have surprisingly found that fusion proteins of 
C4bp core are not only efficiently synthesized in prokaryotic 
cells but that the C4bp core itself is capable of- folding 
25 correctly, and assembling into homogeneous multimers in the 
reducing environment of the prokaryotic cytosol. The 
multimers of C4bp core which are produced in prokaryotic cells 
surprisingly have been found to contain disulphide bonds. 

30 Further, the inventors have also found that proteins fused to 
the C4bp core produced in the prokaryotic expression systems 
retain their functional activity. The present invention 
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therefore provides a method for obtaining a recombinant fusion 
protein comprising a scaffold of a C-terminal core protein of 
C4bp alpha chain, said recombinant fusion protein being 
capable of forming multimers in soluble form in the cytosol of 
a prokaryotic host cell, the method including the steps of 

(i) providing a prokaryotic host cell carrying a nucleic 
acid encoding said recombinant protein operably linked to 
a promoter functional in said prokaryotic cell? 

(ii) culturlng the host cell under conditions wherein 
said recombinant protein is expressed; and 

(iii) recovering the recombinant protein wherein said 
protein is recovered in multimeric form without 
performing a scaffold refolding step. 

We have found that the yield of protein in cell cultures of 
the invention can be relatively high, for example greater than 
2 mg/1 of culture, such as greater than 5 mg/l of culture, 
preferably greater than 10 mg/1 of culture, such as greater 
than 20 mg/1 culture, and even more preferably greater than 
100 mg/1 culture. 

C4bp core fusion proteins of the invention comprise a C4bp 
core protein sequence fused, at the N- or C-terminus, to a 
biologically active sequence of interest. 

Description of the Drawings, 

Figure 1 shows an alignment of C4bp sequences from different 
species. 

Figure 2 shows purification of the fusion protein db-C4bp 
(where db is a peptide described in Example 1) from an ion- 
exchange column. 



NIXON & VANDERHYE PC3 Fax:703-816-4100 Jan 10 2007 16:15 P. 41 




Figure 3 shows further purification of db-C4bp on a second 
ion-exchange column. 

5 Figure 4 shows purification' of db-C4bp on a gei chromatography 
column . 

Figure 5 shows purification of db-C4bp on an ion-exchange 
column following a heating step. 

10 

Figure 6 shows further purification of db-C4bp on a gel 
chromatography column. 

Figure 7 shows the activity of DsbA-C4bp in an insulin assay. 

15 

Figure 8 shows the sequence of the promoter and C4bp coding 
region in pAVD77. 

Figure 9 shows analysis of C4bp fusion proteins under non- 
20 reducing conditions. 

Detailed Description of the Invention. 
Co2re protein of C4bp alpha cbBin . 

This is referred to herein as the ''C4bp core protein" or '"core 
26 protein'', or ''C4bp scaffold''. The terms are used • 

interchangeably. This protein may be a mammalian C4bp core 
protein or a fragment thereof capable of forming multimers, or 
a synthetic variant thereof capable of forming multimers. 



30 



The sequences of a number of mammalian C4bp proteins are 
available in the art. These include human C4bp core protein 
(SEQ ID N0:1). There are a number of homologues of human C4bp 
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core protein available, in th6 ;ar.t. There ate two types of 
homologue: orthplogues. and paralogue are defined 

as homologous genes in different organisms, i.e. the genes 
share a conimon ancestor coincident with the speciation event 
that generated them. Paralogues are defined as. homologous 
genes in the same organism derived from a gene, chromosome or 
genome duplication, i.e. the common ancestor of the genes 
occurred since the last speciation event. 

For example, a search of GenBank indicates mammalian C4bp core 
homologue proteins in species including rabbit, rat, mouse and 
bovine origin (SEQ ID NO:2-5 respectively). Paralogues have 
been identified in pig (ApoR) , guinea pig (AM67) and mouse 
(ZP3); shown as SEQ ID NO: 6-8 respectively. 

An alignment of SEQ ID N0s:l-8 is shown as Figure 1, It can 
be seen that all eight sequences have a high degree of 
similarity, though with a greater degree of variation at the 
C-terminal end. Further C4bp core proteins may be identified 
by searching databases of DMA or protein sequences, using 
commonly available search programs such as BLAST • 

Where a C4bp protein from a desired mammalian source is not 
available in a database, it may be obtained using routine 
cloning methodology well established in the art. In essence,, 
such techniques comprise using nucleic acid encoding one of 
the available C4bp core proteins as a probe to recover and to 
determine the sequence of the C4bp core proteins from other 
species of interest. A wide variety of techniques are 
available for this, for example PGR amplification and cloning 
of the gene using a suitable source of mRNA (e.g. from an 
embryo or an actively dividing differentiated or tumour cell) 
or by methods comprising obtaining a cDNA library from the 
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mammal^ e.g. a cDNA library from one of the above-raentioned 
sources, probing said library with a known C4bp nucleic acid 
under conditions of medium to high stringency (for example 
0.03M sodium chloride and 0.03M sodium citrate at from about 
5 50°C to about 60^*0, and recovering a cDNA encoding all or 

part of the •C4bp protein of that mammal. Where a partial cDNA 
is obtained, the full length coding sequence may be determined 
by primer extension techniques. 

to A fragment of a C4bp core protein capable of forming multimers 
may comprise at least 47 amino acids, preferably - at least 50 
amino acids. The ability of the fragment to form multimers 
may be tested by expressing the fragment in a prokaryotic host 
cell according to the invention, and recovering the C4bp 

15 fragment under conditions which result in multimerisation of 
the full 57 amino acid C4bp core, and determining whether the 
fragment also forms multimers. Desirably a fragment of C4bp 
core comprises at least residues 6-52 of SEQ ID N0:1 or the 
corresponding residues of its homologues. 

20 

The human C4bp core protein of. SEQ ID N0:1 corresponds to 
amino acids +4 93 to +549 of full length C4bp protein sequence. 
A fragment of this known in the art to form multimers 
corresponds to amino acids +498 to +549 of C4bp core protein. 

25 

Variants of C4bp core and fragments capable of forming 
multimers, which variants likewise retain the ability to form 
multimers (which may be determined as described above for 
fragments) may also be used. The variant will preferably have 
30 at least 70%, more preferably at least 80%, even more 

preferably at least 90%, for example at least 95% or most 
preferably at least 98% sequence identity to a wild type 
mammalian C4bp core or a multimer-forming' fragment thereof. 
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In one aspect, the C4bp core will be a core which includes the 
two cysteine residues which appear at positions 6 and 18 of 
SEQ ID Nos:l-3:.and 5-8. Desirably, the variant will retain 
the relative spacing between these two residues* 

The above-specified degree of identity will be to any one of 
SEQ ID N0s:l-8 or a multimer-f orming fragment thereof. 

Most preferably the specified degree of identity will be to 
SEQ ID N0:1 or a multimer-f orming fragment thereof. 

The degree of sequence identity may be determined by the 
algorithm GAP, part of the ''Wisconsin package'' of algorithms 
widely used in the art and available from Accelrys (formerly 
Genetics Computer Group, Madison, WI) . GAP uses the Needleman 
and Wunsch algorithm to align two complete sequences in a way 
that maximises the number of matches and minimises the number 
of gaps, GAP is useful for alignment of short closely related 
sequences of similar length, and thus is suitable for 
determining if a sequence meets the identity levels mentioned 
above. GAP may be used with default parameters. 

Synthetic variants of a mammalian C4bp core protein include 
those with one or more amino acid substitutions, deletions or 
insertions or additions to the.C- or N-termini. Substitutions 
are particularly envisaged. Substitutions include 
conservative substitutions. Examples of conservative 
substitutions include those set out in the following table, 
where amino acids on the same block in the second column and 
preferably in the same line in the third column may be 
substituted for each other: 
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ALIPHATIC 


Non-polar 


GAP 


I L V 




C S T M 


N Q 


Polar - charged 


D E . 


K R 


AROMATIC 




H F w y 


OTHER 




N Q D E 



Examples of fragments and variants of the C4bp core protein 
which may be made and tested for their ability, to form 
multimers thus include SEQ ID NOs: 9 to 16, shown in Table 1 
5 below: 



h 


B 


C 


9 


CEQVLTGKRLMQCLPNPEDVKMALEVYKLSLEIEQLELQRDSARQSTLDKEL 


100 


10 


ETPEGCEQVLTGKRLMQCLPNPEDVMySALEVYKLSLEIKQLELQRDSARQSTLDKEL ■ 


98 


11 


CEQVLTGKRLMQCLPNPEDVKMALEVYKLSLEIKQLELQRDSARQSTLDKEL 


96 


12 


ETPBGCEQVLTGKRLMQCLPNPEDVKMALEIYKLSLEIEQLELQRDSARQSTLDKEL 


98 


13 


ETPEGCEQVLTGKRLMQCLPNPEDVKMALEIYKLSLEIKQLELQRDSARQSTLDKEL 


96.5 


14 


— EGCEQALTGKRLMQCLPNPEDVKMALEIYKLSLEIKQLELQRDSARQSTL— ■- 


94 


IS 


ETPBGSEQVLTGKRLMQflLPNPEDVKMALBVYKLSLEIKQLELQRDSARQSTLDKEl, 


94 


16 


EGfiEQALTGKRLMQSLPNPEDVKMALBIYKLSX.EIEQIj£LQRDSARQSTLDK— 


92.3 



A=SEQ ID NO:; B= sequence, C= % identity, calculated by 
reference to a fragment of SEQ ID N0:1 of the same length. 

0 

Where deletions of the sequence are made, apart from N- or C- 
terminal truncations, these will preferably be limited to no- 
more than one, two or three deletions which may be contiguous 
or non-contiguous . 

15 

Where insertions are. made, or N- or C-terminal extensions to 
the core protein sequence, these will also be desirably 
limited in number so that the size of the core protein does 
not exceed the length of the wild type sequence by more than 
iO 20, preferably by more than 15, more preferably no more than 
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10, amino acids. Thus in the case of SEQ ID N0:1/ the core 
protein, when modified by insertion or elongation, will 
desirably be no more than 77 amino acids in length. 

N- or C-terminal extensions may include flexible linkers such 
as (Gly-Gly-Gly-Gly-Ser)n (where n is from 1 to 4) used in the 
art to attach protein domains (particula'rly antibody V ■ 
domains) to each other > 

When the fusion proteins of the invention are made by chemical 
synthesis/ N- or C-terminal extensions may include analogues 
of amino acids not naturally present in proteins which can be 
used in the art of peptide and polypeptide synthesis. 

Recombinant protein. 

The recombinant protein of the invention will comprise a C4bp 
core (or "scaffold") as described above either alone or linked 
in-frame to at least one sequence of biological interest. 
Such a sequence may comprise a tag useful for identification 
or purification of the protein, and/or a protein useful in 
therapy, particularly human therapy. 

The recombinant protein can be described as having a general 
structure of the formula: Bi»-Co-Bie in which Co is the core 
protein as described above, and Bi^ is either the amino 
terminus of the core protein or at least one sequence (for 
example one or two) of biological interest, and Bic is either 
the C-terminus of the core protein or at least one sequence 
(for example one or two) of biological interest. 



Preferably, one of Bi„ and Bic is not a sequence of biological 
interest (i.e. one or other is a terminal of the fusion or 
optionally a tag, such as a polyhistidine tag, to aid recovery 
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Of the protein) . More preferably, the biological sequence of 
interest is represented by Bin. 

Alternatively, a protein or non-protein product of interest 
5 may be coupled by synthetic means to a side-chain of the core, 
e»g. through the amino group of the side-chain of a lysine 
residue or through cysteine residues added within, or at the 
end of, the core sequence; or to the existing cysteine 
residues • 

ID 

It is preferred that the biological .sequence of interest is 
not all or part of a C4 binding protein normally linked to the 
C4bp core protein, i.e,, the biological sequence of interest 
is a heterologous sequence. 

16 

We have found that proteins falling, within the above 
definition can be expressed in and recovered from bacterial 
expression systems in multimeric form without the need for 
scaffold refolding. We have expressed proteins which have a 
20 monomer weight up to about 30 kDa- The invention may thus be 
used to express proteins in this size range, and more 
generally for proteins up to about 100 kDa, more preferably, 
about 50 kDa. 

>5 A particular class of fusion proteins will be those in which 

the C4bp core is fused to a peptide of from 2 to 25 amino acid 
residues. Many biologically active peptides are known or can 
be selected through phage display* However^ they are often 
unstable in vivo, not least because they can be filtered 

30 through the renal glomerulus. Fusing them to the core scaffold 
makes filtration impossible. In addition, it confers avidity 
on the oligomerised peptides (such that they bind their 
targets more tightly and are effective at lower doses, and can 
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cross-link receptors) . Particular biologically active 
peptides of interest include naturally occurring peptide or 
polypeptide hormones, such as somatostatin, calcitonin and 
alpha-MSH (melanocyte stimulating hormone), and variants 
5 thereof as well as other mentioned elsewhere herein. 

Thus - a range of fusion proteins of C4bp core protein may 
synthesized using the method of the present invention. The 
multimeric fusion proteins produced will be expected to 
10 exhibit increased bioactivity because multimers will have a 

higher density of the moiety attached to the C4bp core protein 
and would thus be expected to have a longer half life and an 
decreased turnover rate. 

16 The sequence (s) of biological interest may be a polypeptide or 
a chemical compound (e.g. a drug or pro-drug) or a 
carbohydrate which is heterologous to the C4bp core protein 
used in the invention, in other words, it is not part of the 
same molecule in nature. It may be derived from the same 

10 organism. When the attached moiety is a chemical compound, 
the attachment may serve to protect the compound from 
metabolism and excretion, for example by hepatic cytochromes, 
as well as serving to deliver it to tissues. Examples of 
polypeptides include those used for medical or bio- 

25 technological use, such as insulin, cytokines including 

interleukins and interferons, antibodies and their fragments, 
growth factors, receptors, receptor ligands, agonists or 
antagonists, enzymes, enzyme antagonists, antigens, toxins and 
proteases. 

30 

Fusion proteins prepared according to the invention, and the 
novel fusion proteins of the invention described herein, may 
be prepared in the form of a pharmaceutical composition which 
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comprises the protein together with one or more 
pharmaceutically acceptable carriers or diluents. The 
composition will be prepared according to the intended use and 
route of administration of the fusion protein. 

5 

Pharmaceutically acceptable carriers or diluents include those 
used in formulations suitable for oral, rectal^ nasal, topical 
(including buccal and sublingual) , vaginal or parenteral 
(including subcutaneous, intramuscular, intravenous, 
10 intradermal, intrathecal and epidural) administration. The 

formulations may conveniently be presented in unit dosage form 
and may be prepared by any of the methods well "known in the 
art of pharmacy. 

For solid compositions, conventional non-toxic solid carriers 

15 include, for example, pharmaceutical grades of mannitol, 

lactose, cellulose, cellulose derivatives, starch, magnesium 
stearate, sodium saccharin, talcum, glucose, sucrose, 
magnesium carbonate, and the like may be used. The active 
compound as defined above may be formulated as suppositories 

>0 using, for example, polyalkylene glycols, acetylated 
triglycerides and the like, as the carrier. Liquid 
pharmaceutically administrable compositions can, for example, 
be prepared by dissolving, dispersing, etc, a fusion protein 
of the invention optional pharmaceutical adjuvants in a 

>5 carrier, such as, for example, water, saline aqueous dextrose, 
glycerol, ethanol, and the like, to thereby form a solution or 
suspension. If desired, the composition to be administered 
may also auxiliary substances such as pH buffering agents and 
the like. Actual methods of preparing such dosage forms are 

30 known, or will be apparent, to those skilled in this art; for 
example, see Remington's Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pennsylvania, 19th Edition, 1995. 
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The composition or formulation to be administered will, in any 
event, contain a quantity of the active compound (s) in an 
amount effective to alleviate the symptoms of the subject 
being treated. Dosage forms or compositions containing active 
5 ingredient in the range of 0.25 to 95% with* the balance made 
up from non-toxic carrier may be prepared. 

Parenteral administration is generally characterized by 
injection^ either subcutaneously, intramuscularly or 

0 intravenously. Injectables can be prepared in conventional 
forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to 
injection, or as emulsions. Suitable .excipients are, for 
example, water, saline, dextrose, glycerol, ethanol or the 

5 like. A more recently devised approach for parenteral 

administration employs the implantation of a 5low**releas.e or 
sustained-release system, such that a constant level of dosage 
is maintained. See, e.g., us Patent No. 3/710,795. 

:0 The following classes of polypeptides are preferred/ but the 
invention is not limited thereto: 

Cytokines 

Interleukins include any known inter leukin including IL-1, IL- 
15 2, IL-3, IL-3/ IL-4/ IL-5, IL-6,' IL-?, IL-S, IL-9, IL-10, IL- 
11 and IL-12. Interleukins are modulators of the immune 
system. Some interleukins are involved in the inflammatory 
response or in the immune response to disease. 

\0 Interferons include any form of IFN-alpha, as well as iFN-beta 
and IFN-gamma, These also have use in modulation of the 
immune response. 
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A further class of cytokines are the tumour necrosis factors 
TNF-alpha and TNF-beta. 

Other cytokines include members of the MIP family including 
5 MlP-lo, MIP-1(5 and RANTBS, RANTES binds the CCR5 HIV co- 
receptor and therapy with RANTES may be effective in 
alleviating the progression of HIV infection. 

Antii^odies 

10 The affinity of antibodies or antibody fragments for antigens 
may be increased by oligomerisation when the antibodies are 
produced as C4bp core fusion proteins according to the method 
of the present invention, T^tibody fragments may be fragments 
such as Fv, Fab and F(ab')2 fragments or any derivatives 

15 thereof, such as a single chain Fv fragments. The antibodies 
or antibody fragments may be non^-recoinbinant ^ recombinant or 
humanised. The antibody may be of any immunoglobulin isotype, 
e.g., IgGr IgM, and so forth. 

>0 In another aspect, the antibody fragments may be camelised Vh 
domains. It is known that the main Intermolecular 
interactions between antibodies and their cognate antigens are 
mediated through Vh CDR3. However, VH-only antibodies, such as 
thcise derived from camel or llama {naturally VH-only single 

>5 chain antibodies), have only low affinity for cognate antigen. 

The method of the present invention makes it possible to 
obtain improved yields of oligomers of C4bp core proteins with 
Vh domains, or Vk CDR3 domains which are high-affinity 
30 antibodies. Two or more domains may be included to the C4bp 
core oligomer made according to the method of the present 
invention; up to 8 domains may be included, forming an 
octameric antibody molecule. 
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Antibody targets may include tumours-associated antigens, 
including CEA and erbB, which are found in many colon and 
breast tumours respectively. 

S 

In one embodiment ^ the biological protein of interest may 
comprise the antibody fused to an enzyme capable of converting 
a prodrug into a drug toxic to the tumour cell. This can be 
used in a method of antibody-directed enzyme-prodrug therapy 
iO (ADEPT) . Alternatively, monomers of carrying a tumour 

directed antibody and monomers carrying such an enzyme (e.g. a 
carboxypeptidase, a nitroreductase or the like) may be co- 
expressed in a cell or expressed in separate cells and mixed 
together to form heteromultimers directed to a tumour cell. 

15 

Antibodies may also be targeted to antigens of pathogenic 
organisms, including those mentioned below in the context of 
antigens for u$e as immunogens, 

10 Growth factors 

Growth factors include hormones such as growth hormone (in 
particular human growth hormone, hSH^ as well as monocyte 
colony stimulating factor (M-CSF), granulocyte colony 
stimulating factor (G-CSF) , granulocyte macrophage colony 

25 stimulating factor (G^3-CSF) , erythropoietin and platelet 

derived growth factor (PDGF) . Active fragments of such growth 
factors may also be used. Mammalian^ particularly human^ 
growth factors are particularly preferred. 

30 Receptors 

Receptors may be useful therapeutically in binding to proteins 
in the human body which are expressed at aberrant or unwanted 
levels . 
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For example/ over-expression of TNF-alpha is associated with 
rheumatoid arthritis, and anti-TNF therapy has been successful 
in treatment of this condition. The biological protein of 
interest may thus be a TNF-alpha receptor. 

A receptor of interest, is also another * member af the TNF • 
receptor family/ kriowTi as* the BAFF receptor (Thompson et al\ 
Science, 2001^ 293, 2108). The human BAFF receptor (Genbank 
Accession no. AF373846> is a 184 amino acid protein which 
binds the TNF-related ligand BAFF. Over-expression of this 
ligand in mice can cause a systemic lupus erythematosis (SLE)- 
like symptom, and thus the BAFF receptor is of interest as a 
possible therapeutic of. this disease. 

In one aspect, the invention provides a fusion protein of the 
C4bp core and a BAFF receptor, including fragment of the 
extracellular domain thereof capable of binding a BAFF ligand. 
Such a fragment may correspond to amino acids 2-51 of BAFF. 

Cell surface receptors are also of interest. For example, CD4 
receptor is a target for the HIV surface protein gpl20/160r 
and it has been widely proposed in the art to use CD4, or a 
soluble fragment thereof, as a therapeutic for HIV infection 
such that the CD4 blocks the ability of circulating HIV to 
enter CD4+ T-cells. 

Other cell surface receptors are also associated with viral 
infection, for example CD46 with measles virus (Christiansen 
et &lr ibid), and such cell surface receptor proteins may also 
be used in the present invention. 
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Receptor ligands, agonists or antagonists 
Many cell surface receptors are activated by dimerisation. 
Well known examples are those for insulin and erythropoietin. 
The function of the ligand is to .bind simultaneously to two 
receptors r thus diznerising and activating them. In the 
examples cited, receptor autophosphorylation occurs. This 
activates the receptor, which has a tyrosine kinase domain in 
its intracellular portion. The kinase is inactive" when the 
receptor is monomeric/ but is activated on dimerisation. This 
triggers a cascade of intracellular events, collectively 
referred to as signal transduction. 

Whilst some ligands, such as substance are short 
polypeptides, others (including insulin (51 amino acids) as 
well as kinase and phosphatase substrates) are complex 
molecules which possess binding loops projecting from the 
surface thereof. Smaller molecules which can mimic the 
natural ligands for receptors are useful for research purposes 
(for example to understand the specificity of ligand receptor 
binding) . 

Short peptides or loops may be incorporated into fusion 
proteins according to the present invention to form a 
polyvalent receptor ligand or kinase / phosphatase substrate, 
useful for activating or inhibiting receptors and/or kinases 
at very low concentrations. 

Variation may be introduced into- the heterologous polypeptides 
inserted onto the scaffold in ordeir tp map' the specificity of 
receptors or kinases/phosphatases for their ligands or 
substrates. Variants may be produced of the same loop, or a 
set of standard different loops may be devised, in order to 
assess rapidly the specificity of a novel kinase/phosphatase. 
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Variants may be produced by randomisation of sequences 
according to known techniques, such as PGR. They may be 
subjected to selection by a screening protocol, such as phage 
display, before incorporation into protein scaffolds in 
5 accordance with the invention. 

Agonists include peptides ^ including peptide mimetics> which 
bind to a receptor so as to trigger the action of the receptor 
in even in the absence of the natural ligand for that 

0 receptor. An example of an agonist is the thrombopoeitin 
agonist peptide. This linear 14-iner peptide is found to be 
4,000-fold more active when dimeric than when mbnomeric (Dower 
W.J. et al. Stem Cells (1998) 16, Suppl 2, 21 Peptide agonists 
of the thrombopoletin receptor) . Fusion of this sequence^ 

5 lEGPTLRQWLAARA/ to the core domain of C4bp, as described below 
for other peptides should create a very potent thrombopoletin 
agonist, useful for promoting platelet production and/or 
maturation. 

:0 In a further aspect, the invention provides a recombinant 

protein comprising a C4bp core protein and a thrombopoeitin 
agonist peptide, and the use of such a protein in a method of 
therapy for promoting platelet production and/or maturation in 
a human subject. The method comprises administering to a 

IS subject in need of treatment an effective amount of the 
protein. 

A further example of an agonist is the somatostatin peptide. 
This cyclic peptide is known to bind to a number of G-protein 
W coupled receptors, and to inhibit the release of somatotropin. 
An analogue is marketed as Sandostatin (Novartis) for a number 
of medical indications, including the treatment of side 
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effects associated with malignant carcinoid tumours and the 
treatment of diarrhea caused by gastrointestinal infections. 

Fusion of the somatostatin sequence to filamentous 
5 bacteriophage, as described in the British Journal of 

Pharmacology (1998) "Somatostatin displayed on filamentous 
phage as a receptor-specific agonist". Volume 125, pages 5-16^ 
produces a hybrid phage capable of binding to and activating 
somatostatin receptors. Fusion of somatostatin to the C4bp 
10 scaffold (with the scaffold replacing the phage) similarly 

produces an avid agonist for somatostatin receptors, which has 
more desirable properties as a medicament than hybrid phage, 
Similarlyr the oligomeric agonist so produced is capable of 
oligomerising the somatostatin receptors, which may enhance 
15 signalling, as described by Patel et ai. in Proc. Nat I.Acad. 
Sci. USA (2002) Volume 99, pages 3294-3299. 

Thus the invention provides a means to prepare a recombinant 
fusion protein as set out above wherein said fusion protein 

>0 comprises somatostatin. The invention further provides a 
fusion protein of a C-terminal core protein of C4bp alpha 
chain linked to somatostatin. The invention further provides 
the use of this protein or nucleic acid vectors (as further 
defined and described herein) encoding this protein in a 

Z5 method of treatment, including the treatment of side effects 
associated with malignant carcinoid tumours and. the treatment 
of diarrhea caused by gastrointestinal infections. 

Antagonists include peptides which bind to receptors and. block 
. 30 the natural ligand from binding ♦ 
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Enzymes 

Numerous biological reactions involve the sequential, and/or 
synergistic, action of a plurality of protein activities. ■ 
Such protein activities may be incorporated into a single 
molecule in accordance with the present invention. 
Preferably, therefore, the monojhers which are used to compose 
the oligomer according to the invention incorporate amino acid 
sequences which encode distinct biological activities. The 
activities are advantageously complementary, such that they 
are required sequentially in a biological reaction, or act 
synergistically. The invention therefore provides 
plurifunctional macromolecular" structures comprising one or 
more enzymes. 

Examples of enzymes include bacterial enzymes such as DsbA of 
E. coli. 

Antig&ns 

h particular use for multimers of produced in accordance with 
the invention is in the production of immunogens (this term is 
used interchangeably herein with ^^antigensf) . A major 
application of this C4bp core fusion protein scaffold 
technology produced following the method of the present 
invention is the use of the assembled or multimerised peptides 
or polypeptides as antigens. The oligomerisation improves 
both detection of antibodies against, and the induction of 
antibodies to, such antigens. Some of these antigens may be 
of prophylactic value; they might be useful for vaccination. 
The method allows rapid progress from nucleotide. sequences to 
the production of recombinant antigens in a polyvalent form. 
Predicted open reading frames (ORFs) can be used to design 
oligonucleotide sequences encoding the predicted protein 
sequence. Cloning of these oligonucleotides into the vectors 
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encoding the C4bp core protein allows a very rapid production 
of antigens^ without, for example the need. for isolating cDNAs 
and expressing them in heterologous systems such as coll. 

5 Bacterial immunogens, parasitic immunogens and viral 

immunogens are useful as polypeptide moieties to create 
multimeric or hetero-multimeric C4bp fusion proteins useful as 
vaccines. 

10 Bacterial sources of these immunogens include those- 

responsible for bacterial pneumonia, Pneumocystis pneumoniar 
meningitis, cholera, tetanus, tuberculosis and leprosy. 

Parasitic sources include malarial parasites, such as 
15 Plasmodium. 

Viral sources include poxviruses, e.g., cowpox virus and orf 
virus; herpes viruses, e.g., herpes simplex virus type 1 and 
2, B-virus, varicellazoster virus, cytomegalovirus, and 

20 Epstein-Barr virus; adenoviruses, e.g., mastadencvirus; 
papovaviruses, e.g., papillomaviruses such as HPV16, and 
polyomaviruses such as BK and JC virus; parvoviruses, e.g,, 
adeno-associated virus; reoviruses, e.g., reoviruses 1, 2 and 
3; orbiviruses, e.g., Colorado tick fever; rotaviruses, e.g,, 

Z6 human rotaviruses; alphaviruses, e.g». Eastern encephalitis 
virus and Venezuelan encephalitis virus; rubiviruses, . e.g. , 
rubella; flaviviruses, e.g., yellow fever virus, Dengue fever 
viruses, Japanese encephalitis virus, Tick-borne encephalitis 
virus and hepatitis C virus; coronaviruses, e..g., human 

30 • coronaviruses; paramyxoviruses, e.g., parainfluenza 1, 2, 3 
and 4 and mumps; morbilliviruses, e.g., measles virus; 
pneumovirus, e.g., respiratory syncytial virus; 
vesiculoviruses, e.g., vesicular stomatitis virus; ' 
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lyssaviruses, e.g. rabies virus; orthomyxoviruses, e.g., 
influenza A and B; bunyaviruses e.g., LaCrosse virus; 
phleboviruses, e.g., Rift VsHey fever virus; nairoviruses, 
e.g., Congo hemorrhagic fever virus; hepadnaviridae, e.g., 
5 hepatitis B; arenaviruses, e.g., 1cm virus. Lasso virus and 
Junin virus; retroviruses, e.g., HTLV I, HTLV II, HIV-1 and 
HIV-2; enteroviruses, e.g., polio virus 1,-2 and 3, coxsackie 
viruses, echoviruses, human enteroviruses, hepatitis A virus, 
hepatitis E virus, and Norwalk- virus; rhinoviruses e.g., 
10 human rhinovirus-; and filoviridae, e.g., Marburg (disease) 
virus and Ebola virus. 

Antigens from these bacterial, viral and parasitic sources may 
be used in the production of multimeric proteins useful as 
15 vaccines. The multimers may comprise a mixture of monomers 
carrying different antigens. 

Iramunogens to human proteins for research or therapeutic 
purposes may be made. Immunogenic peptides, capable of 

10 raising an immune response when exposed to the immune system 
of an organism, are preferred polypeptides for making C4bp 
core protein fusion proteins following the method of the 
invention. The improved yield of oligomerised C4bp core 
fusion proteins from the present invention has many 

>5 applications not only in vaccination but also in research. 

For example, the generation of human gene sequence data by the 
human genome project has made the generation of antisera 
reactive to new polypeptides a pressing requirement. The same 
requirement applies to prokaryotic, such as bacterial, and 

JO other eukaryotic, including fungal, gene products. Immunogens 
of interest fused to C4bp core multimers are thought to have 
increased efficiency due to their increased avidity for 
immunoglobulin molecules. 
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The present invention has many advantages in the generation of 
an inunune response. For example, the use of oligomers can 
permit the presentation of a number of antigens, 

6 simultaneously, to the immune system. This allows the 

preparation of polyvalent vaccines, capable of raising an 
immune response to more than one epitope, which may be present 
on a single organism or a number of different organisms. Thus, 
vaccines formed according to the invention may be used for 

10 simultaneous vaccination against more than one disease, or to 
target simultaneously a plurality of epitopes on a given 
pathogen. The epitopes may be present in a single monomer 
units or on different monomer units which are combined to 
provide a heteromul timer* 

16 

Moreover, the invention may be exploited by incorporating an 
adjuvant on the C4bp core oligomer, together with the 
immunogen. Suitable adjuvants are^ for example, bacterial 
toxins and cytokines, such as interleukins. The potency of 
>0 the immunogen is thereby increased, allowing more efficient 

raising of antisera and more efficient immunisation, A highly 
preferred adjuvant is the C3d component of complement. 

Having C4bp core fusion proteins is useful in the context of 
immunisations, because the core protein is not only present 

25 normally in the serum or plasma of the recipient of the 

immunisation, but also because it does not itself evoke an 
immune response. C4bp proteins are known in a number of 
mammalian species, and the appropriate homologues for 
mammalian species may be found by those skilled in the art 

30 using standard gene cloning techniques. 
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The fact that this system allows production of soluble protein 
in E. coli enables using it to produce, as folded soluble 
proteins, domains or fragments of proteins that would not fold 
when expressed on their own due to a lack of constraint on 

S their C~terminal and /or N-terminal ends. Engineering a 

specific cleavage site enables production of the free domain 
of interest. Similarly constraining the N-terminal and/or C- 
terminal end of a peptide of interest could be beneficial 
during refolding processes. Furthermore, as the 

10 oligomerisation structure is very resistant to denaturation 
and to disassembly, it would be stable during denaturation of 
the inserted protein. Therefore, during refolding, for an 
equal amount of protein of interest, the actual concentration 
of free protein would be diminished by a factor equal to the 

15 oligomerisation number. Oligomerisation may also be 

beneficial for purification purposes as many methods in 
protein technology are not optimised to work with proteins and 
specifically peptides of very low molecular weight. 

10 Assay msthods 

The C4bp core fusion proteins produced following the method of 
the invention may be applied to the detection or the 
neutralisation of antibodies in vivo or in vitro. For 
example, in vitro polyvalent or monovalent antigen-bearing 

15 C4bp core fusion proteins may be used to select antibody 

molecules derived from phage display experiments. Moreover, 
in vivo, antigen-bearing C4bp core fusion proteins produced 
according to the method of invention may be used to neutralise 
antoantibodies in autoimmune disease, or to detect antibodies 

30 which may be indicative of pathological conditions, such as in 
HIV testing or other diagnostic applications. 
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Phage Display 

Phage display technology has proved to be enormously useful in 
biological research. It enables ligands to be selected from 
large libraries of molecules. The proteins of the present 

S invention also harnesses the power of this technique^ but with 
some powerful advantages over normal applications. C4bp 
molecules can be displayed as monomers on fd bacteriophages/ 
just as single-chain Tv molecules are. Libraries of fusions 
are constructed by standard methods/ and the resulting 

0 libraries screened for ligands of interest. It is important 
to note that this is an affinity based selection. After 
characterisation/ the ligands selected for affinity, can be 
oligomerised, and thus take advantage of avidity. When the 
target for the ligand is oligomeric/ very tight binding will 

5 result. Furthermore/ ligands selected as monomers, will be 
able to cross-link or oligomerise their binding partners- An 
application of this effect is in triggering, receptor 
activation, 

\0 Protein chips 

Currently, DNA microarrayS/ whether of oligonucleotides, PGR 
products or cloned DNAs, are major tools enabling rapid 
development in the highly parallel analysis of gene 
expression. Clearly, in many situations, it would be far 

!5 preferable to monitor gene expression directly, that is, by 
assaying protein expression levels rather than mRNA levels. 
The latter are but an indirect measure of gene activity- which 
rely on the hybridisation of labelled cDNA and can be very 
misleading because there is often a poor correlation between 

JO the abundance of a particular mRNA and the frequency at which 
it is translated into proteins. In addition, miRNA analysis 
can not possibly determine whether the encoded protein, even 
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if translated, is active. • This may depend on post- 
translational modification. 



Thus protein arrays comprising fusion proteins of a core 
scaffold and a range of ligands for proteins of interest may 
be produced and used to determine levels of expression of 
those proteins in a sample. 

For example, an array of bacterial cells expressing the 
scaffold-ligand fusions may be provided, such that the fusions 
are expressed and recovered in situ, followed by addition of 
the sample. Alternatively, the fusions may be produced 
separately and then arrayed on a suitable solid support to 
provide for detection of the proteins in the sample. 
Detection may be by providing a predetermined amount of the 
proteins of interest labelled to compete against the proteins 
present in the sample, and measuring how much labelled protein 
binds to the ligand. Alternatively, the ligand may be 
labelled and the amount of labelled ligand bound to the 
protein of interest detected. 

Nucleic Acids 

Proteins comprising the C4bp core are produced by expression 
of the protein in a prokaryotic host cell, using a nucleic 
acid construct encoding the recombinant protein. 

The construct will generally be in the form of a replicable 
vector, in which sequence encoding the protein is operably 
linked to a promoter suitable for expression of the protein in 
a desired host cell. The promoter may be an inducible 
promoter. Suitable promoters include the T7 promoter, the tac 
promoter, the trp promoter/ the lambda promoters or and 
others well known to those skilled in the art. 
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The vectors may be provided with an origin of replication and 
optionally a regulator of the promoter. The vectors may 
contain one or more selectable marker genes, for example an 

5 antibiotic resistance gene such as an ampicillin, tetracycline 
or preferably kanamycin resistance gene. There are a wide 
variety of bacterial expression vectors known as such in the 
art/ and the present invention may utilise any vector 
according to the individual preferences of those of skill in 

10 the art. 

A wide variety of prokaryotic host cells can be used in the 
method of the present invention. These hosts may include 
strains of Escherichia, Pseudomonas, Bacillus, Lactobacillus, 

15 Thermophilus, Salmonella, Enterobacteriacae or Streptomyces • 

For example, if E. coll from the genera Escherichia is used in 
the method of the invention, preferred strains of this 
bacterium to use would include BL21(DS3) and their derivatives 
including C41(DE3); C43(DE3)or C0214 (DBS) , or other strains 

JO resistant to the toxicity of recombinant protein expression as 
described and made available in WO98/02559; 

Even more preferably, derivatives of these strains lacking the 
prophage DE3 may be used when the promoter is not the T7 
15 promoter. 

ntOi vaccixies and thoTApeutlcs 

In another aspect, the invention provides a eukaryotic 
expression vector comprising a nucleic acid sequence encoding 
30 a recombinant fusion protein comprising a scaffold of a 

terminal core protein of C4bp alpha chain for the use in the 
treatment of the human or animal body. 
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Such treatment would achieve its therapeutic effect by 
introduction of a specific nucleic acid sequence into cells or 
tissues affected by a genetic or other disease, or by 
introduction of a nucleic acid sequence encoding an antigen 
for the purposes of raising an inm\une response. It is also 
possible to introduce genetic sequences into a different cell 
or tissue than that, affected by the disease, with the aim that 
the gene product will have direct or indirect impact on the 
diseases cells or tissues. Delivery of nucleic acids can be 
achieved using a plasmid vector (in "naked" or formulated 
form) or a recombinant expression vector. 

Various viral vectors which can be utilized for gene therapy 
include adenovirus, herpes virus, vaccinia or an RNA virus 
such as a retrovirus. The retroviral vector may be a 
derivative of a murine or avian retrovirus. Examples of 
retroviral vectors in which a single foreign gene can be 
inserted include, but are not limited to: ^5oloney murine 
leukaemia virus (MoMuLV) , Harvey murine sarcoma virus 
(HaMuSV) , murine mammary tumour virus (MuMTV) , and Rous 
Sarcoma virus (RSV) . When the subject is a human, a vector 
such as the gibbon ape leukaemia virus (GaLV) can be utilized. 

The vector will include' a transcriptiona:! regulatory sequence, 
particularly a promoter region sufficient to direct the 
initiation of RNA synthesis. Suitable eukaryotic promoters 
include the promoter of the mouse metallothionein I gene 
(Hamer et al. 1982 J. Molec. Appl. Genet. 1, 273); . the TK 
promoter of Herpes virus (McKnight, 1982 Cell 31,355); the 
SV40 early promoter (Benoist et ai. 1981 Nature 290, 304); the 
Rous sarcoma virus promoter (Gorman et ai. 1982 Proc, Natl 
Acad. Sci. USA 79, 6777); and the cytomegalovirus promoter 
(Foecking et ai. 1980 Gene 45, 101). 
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Promoters specific for the cell type requiring the gene 
therapy are desirable in many instances. In. a situation where 
a particular cell type is used as a platform to produce 

5 therapeutic proteins destined for another site (for either 
direct or indirect action) , then the chosen promoter should 
work well in the "factory" site. Muscle is a good example for 
this, as it is post^mitotic, it could produce therapeutic 
proteins for years on end as long as there is no immune 

0 response against the protein-expressing muscle fibres. 

Therefore, use of strong muscle, promoters as are particularly 
applicable here. Except for treating a muscle disease per se, 
use of muscle is typically only suitable where there is a 
secreted protein so that it can circulate and function 

15 elsewhere (e.g., hormones, growth factors, clotting factors). 

Administration of vectors of this aspect of the invention to a 
subject, either as a plasmid vector or as part of a viral 
vector can be affected by many different routes. Plasmid DNA 

!0 can be "naked" or formulated with cat ionic and neutral lipids 
(liposomes) or microencapsulated. for either direct or. indirect 
delivery. The DNA sequences can also be contained within a 
viral (e.g., adenoviral, retroviral, herpesvius, pox virus) 
vector, which can be used for either direct or indirect 

J5 delivery. Delivery routes include but are not limited to 

intramuscular, intradermal (Sato, Y. et al. 1996 Science 273, 
352), intravenous, intra-arterial, intrathecal, intrahepatic, 
inhalation, intravaginal instillation (Bagarazzi et aj. 1997 J 
Med. Primatol. 26, 27), intrarectal, intratumour or 

iO intraperitoneal. 

Thus the invention includes a vector as described herein as a 
pharmaceutical composition useful for allowing transfection of 
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some cells with the DNA vector such that a therapeutic 
polypeptide will be expressed and have a therapeutic effect 
(to ameliorate symptoms attributable to. infection or disease). 
The pharmaceutical compositions according to the invention are 

5 prepared by bringing the construct according to the present 

invention into a form suitable for administration to a subject 
using solvents, carriers, delivery systems, excipients, and 
additives or auxiliariea. Frequently used solvents include 
sterile, water and saline (buffered or not) . One carrier 

10 includes gold particles, which are delivered biolistically 

(i.e., under gas pressure). Other frequently used carriers or 
delivery systems include cationic liposomes, cochleates and 
microcapsules, which may be given as a liquid .solution, 
enclosed within a delivery capsule or incorporated into food. 

!5 

An alternative formulation for the administration of gene 
therapy vectors involves liposomes. Liposome encapsulation 
provides an alternative formulation for the administration of 
polynucleotides and expression vectors. Liposomes are 

20 microscopic vesicles that [consist of one or more lipid 

bilayers surrounding aqueous compartments. See, generally, 
Bak)cer-Woudenberg et al. 1993 Eur. J. Clin. Microbiol. Infect. 
Dis. 12,Suppl, 1,S61, and Kim, 1993 Drugs 46, 618. Liposomes 
are similar in composition to cellular membranes and as a 

25 result, liposomes can be administered safely and are 
biodegradable. Depending on the method of preparation, 
liposomes may be unilamellar or multilamellar, and liposomes 
can vary in size with diameters ranging from 0.02 yM to 
greater than 10 yxM, See, for example, Machy et al. 1987 

30 LIPOSOMES IN CELL BIOLOGY AND PHARMACOLOGY (John Libbey) , and 
Ostro et al. 1989 American J. Hosp. Phann. 46, 1576. 

Expression vectors can be encapsulated within liposomes using • 
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standard techniques. A variety of different liposome 
compositions and methods for synthesis are known to those of 
skill in the art. See, for example, U.S. Pat. No. 4,844,904, 
U.S. Pat, No* 5,000,959, U.S. Pat. No, 4,863,740, U.S. Pat. 
5 No. 5,589,466, U.S. Pat. No. 5,580,859, and U.S. Pat- No. 

4,975,282, all of which are hereby incorporated by reference. 

In general, the dosage of administered liposome-enoapsulated 
vectors will vary depending upon such factors as the patient's 
10 age, weight, height, sex, general medical condition and 
previous medical history.. Dose ranges for particular 
formulations can be determined by using a suitable animal 
model. 

IS In one embodiment, the vector encodes a fusion protein 

comprising the core and, in addition, one or more antigens and 
optionally and preferably a protein with immunostimulatory 
properties. C3d is known to have strong immunostimulatory 
properties and may be used for this purpose, as may be an 

10 interleukin, particularly IL-2 or.IL-12. 

Cell QVtltuirlng- 

Plasmids encoding fusion proteins in accordance with the 
invention may be introduced into the host cells using 

25 conventional transformation techniques, and the cells cultured 
under conditions to facilitate the production of the fusion 
protein. Where an inducible promoter is used, the cells may 
initially be cultured in the absence of the inducer, which may 
then be added once the cells are growing at a higher density 

30 in order to maximise recovery of protein. 

Cell culture conditions are widely known in the art and may be 
used in accordance with procedures known as such. 
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Reeo-raxy of protein from cultuTG 

Once the cells have been grown to allow for production of the 
protein, the protein may be recovered from the cells. Because 
5 we have found that surprisingly, the protein remains soluble, 
the cells will usually be spun down and lysed by sonication 
which keeps the protein fraction soluble and allows this 
fraction to remain in the supernatant following a further 
higher-speed (e.g. 15,000 rpm for 1 hour) centrifugation. 

10 

The fusion protein in the supernatant protein fraction may be 
purified further by any suitable combination of standard 
protein chromatography techniques. We have used ion-exchange 
chromatography followed by gel filtration chromatography. 
16 Other chromatographic techniques, such as affinity 
chromatography, may also be used. 

In one embodiment, we have found that heating the supernatant 
sample either after centrifugation of the lysate, or after any 
10 of the other purification steps will assist recovery of the ' 
protein. The sample may be heated to about 70 - 80 for a 
period of about 10 to 30 minutes. 

Depending on the intended uses of the protein, the protein may 
25 be subjected to further purification steps, for example 
dialysis, or to concentration steps, for example freeze 
drying. 

The invention is illustrated by. the following examples. 



30 
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Example 1> Production of db--C4bp 
Vector oondtxizct. 

An expression vector encoding the downstream box peptide 
sequence MASMNHKGS (Sprengert M.L., Fuchs E. and Porter A.G 
5 1996 ^^The downstream box: an efficient and Independent 

translation initiation signal in Escheriahia coll,'' EMBO J. 
Volume 15, 665-674) fused N-termlnal to the 57 amino acid 
"core" domain of the human C4bp alpha chain was constructed. 

0 Briefly, the C4bp core domain is encoded .entirely within a 
single exon In the human" genome, thus allowing it to be 
amplified directly from human genomic DNA, The oligo- 
nucleotide primers used were: 

AVD102; 5'CCCGCGGATCCGAGACCCCCGAAGGCTGTGA3' ; and 

5 AVD103: 5' CCCCGGAATTCTTATTATAGTTCTTTATCCAAAGTGG3' . 

These contained added restriction sites which were used for 
cloning the amplified DNA fragment. The 183 base-pair fragment 
obtained on digesting the PGR product with the enzymes BamHI 
. and EcoRI was cloned downstream of the translational enhancer 

:0 or "'downstream box" and the T7 promoter in a piasmid vector. 
The piasmid was derived from the piasmid pRsetA supplied by 
Invltrogen, but the fl origin of replication has been replaced 
by the par locus from the piasmid pSClOl. It thus contains as 
functional elements: a selectable marker (ampicillin. 

15 resistance) an. origin of replication (derived from the pUC 

family) and a T7 promoter and a T7 transcription terminator as 
well as the par locus. The resulting construct was designated 
piasmid pAVD 77 . Figure 8 shows the sequence of the 
translational enhancer and T7 promoter fused to the coding 

10 sequence of C4bp (in small print) . 

The predicted si2:e of the db-C4bp fusion protein is 74 91.5 Da, 
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Tr&nsfo:ciaait±on and expression. 

The vector was transformed into the E. coli strain C4l(DE3), a 
derivative (Bruno Miroux and John E. Walker 1996 ''Over- 
production of Proteins in Escherichia coli: " Mutant Hosts that 
Allow Synthesis of some Membrane Proteins and Globular 
Proteins at High Levels,'' Journal of Molecular Biology Volume 
260, 289-298) of BL21(DE3). 

One litre of LB-Ampicillin medium was inoculated with the 
cella^ which were incubated at 37 ''C with shaking for 3 hours 
(until OD600 nm reached 0-6) and then it was induced with IPTG 
(isopropylthiogalactoside) at a final concentration 0.7 mM for 
3 hours. The cells were harvested by centrif ugation at 4600 
rpm for 30 itiin. 

The pellet (P) was resuspended with 30 mis Tris SO mM pH 7, 
and the cells were broken by sonication using an Emulsiflex 
apparatus twice (between each treatment, .centrif ugation at 
15000 rpm for 1 hour, the supernatants • f rom each spin 
(designated SNl and SN2 respectively) were kept and the pellet 
PI was resuspended with the same buffer) . 

Both supernatants were pooled (60 mis) and were split into two 
solutions of 30 mis. Bach of these 30 ml aliquots of the db- 
C4bp fusion protein was purified using one of two similar 
methods: these were identical except that a heating step in 
one method was replaced by a MonoQ ion-exchange step in the 
other. 

Fviri£iG&t£on wltboufc a hoating' stBp 

The native db-C4bp was purified from 500 mis of culture by 
ion-exchange chromatography (DEAE Fast Flow 70, using a column 
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of 13cm in height, and diameter of 2.6cm), using TrisHCl 
buffer (SOmM pH7) and a salt gradient (OM - IM NaCl) . The 
fusion protein eluted between 300-400 mM NaCl. Fractions of 
7.5 ml each were collected - see Figure 2. 

5 

Fractions B8 to Bll were pooled and dialyzed against TrisHCl 
20 mM pH7 . Then this solution was loaded on a ion-^exchange 
column (MonoQ HR 16/10), using Tris buffer {50mM pH7) and a 
salt gradient (DM - IM NaCl). Fractions of 2.5 ml were 
10 collected. The fusion protein eluted between 500-550 mM NaCl 
(Figure 3) . 

Fractions AlO to Bl were pooled and the final solution was 
then concentrated to a volume of 10 mis before being 

15 chromatographed on a gel filtration column (S75 26/60) • 

Fractions of 5 ml were collected. The fusion protein was 
eluted from this column with a volume of 139 mis buffer 
{TrisHCl 100 mM pH7, 150 mM NaCl), see Figure 4. The 
calibration of the column with molecular weight standards 

20 implies a molecular weight for this. protein similar to albumin 
(67 kDa), which in Tris 50 mM + NaCl 150 mM also elutes with a 
volume of 139 mis, whereas the expected molecular weight of 
the monomer is 7.491 IcDa . This indicates that the fusion 
protein is oligomeric in structure when purified from the 

25 cytosol of E. coli, without any steps being taken to refold 
it. 

Fractions AlO to Bl were pooled (312 pg/ml), and an aliquot 
was dialysed against sodium phosphate buffer, 100 mM, pH 7.4. 

30 

The protein yield per Litre of culture after purification was 
12.4 milligrams. 
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The CD spectrum was examined and. showed the presence of 
significant secondary structure, consistent with a properly 
folded protein complex. 

Example 2. Purifi cation of db-C4bp with a heating step 

The solution containing the other 30 ml aliquot of db-C4bp was 
heated at 76'C for 15 minutes and then centrifuged at 20,500 
rpm for 1 hour. The supernatant, containing db-C4bp, was 
purified by ion-exchange chromatography (DEAR Fast Flow 70 
mis), using Tris buffer (50mM pH7) and a salt gradient (CM - 
IM NaCl) . Fractions of 7.5 ml were collected. The fusion 
.protein eluted between 300-400 mM NaCl (Figure 5). 

Fractions B8 to Bll were pooled and the final solution was 
then concentrated to a volume of 10 mis before being 
chromatographed on a gel filtration column (S-75 26/60) . 
Fractions of 5 ml were collected. The fusion protein was 
eluted from this column with a volume of 140mls buffer (Figure 
6) . The calibration of the column with molecular weight 
standards implies a. molecular weight identical to that of the 
protein purified without heating (see above), whereas the 
expected molecular weight of the monomer is 7,491 )cDa. This 
fusion protein is therefore also oligomeric in -structure when 
purified from the cytosol of E, coll, without any steps being 
taken to refold it. Furthermore, it remains oligomeric 
despite being heated to 76°C for 15 minutes in a buffer 
comprising 50 mM TrisHCl pH7 (i.e. no salt was present). 

Fractions All to Bl were pooled (595.5 pg/ml) and an aliquot 
was dialysed against sodium phosphate (NaP) buffer 100 mM pH ' 
7.4. 
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Analysis using circular dichroism showed that the spectrum 
obtained with the sample which had been subjected to heating 
was equivalent to that obtained using the unheated sample,. 
This demonstrated that the secondary structure elements of the 
5 protein are retained despite heating. 

The yield with the heating step was 3.5 milligrams per litre. 

The addition of a heating step can significantly simplify the 
0 purification of proteins. In the example here^ heating 

replaced one ion-exchange (MonoQ) step, and nevertheless 
resulted in a protein of at least equivalent purity. 

Example 3: Treatment of protein with denaturant 

5 To confirm further that the protein was indeed oligomeriCr an 
attempt was made to denature purified protein in 6M 
guanadinium chloride and 20mM DTT (dithiothreitol) at room 
temperature before repeating gel filtration under denaturing ■ 
conditions. 

!0 

Briefly^ a culture of SOOmls of the cells of example 1 were 
grown and induced as described above. The fusion protein was 
purified by ion-exchange chromatography, using TrisHCl buffer 
(50mM pH 7.4) and a salt gradient (DM - IM NaCl) . The fusion 
!6 protein eluted between 450-650 mM NaCl and was then 

concentrated to a volume of 10 mis. After this, concentration 
step, the concentration of db-C4bp protein was 740 micrograms 
per ml. 

10 The protein was then treated at a concentration of 7 40 
micrograms per ml overnight at 4*'C with. 6M .guanidinium 
chloride and 20 mM DTT before being chromatographed on a gel 
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filtration column (S-75) . The fusion protein was eluted from 
this column with a volume of 11.4 mis buffer. Calibration of 
the column with molecular weight standards implies a molecular 
weight for this protein of approximately 60 kDa, whereas the 
6 expected molecular weight of the monomer is 7.5 kDa. This 
fusion protein is therefore oligomeric in structure when 
purified from the cytoso.l of E, coli, without any steps being 
taken to refold it and even when treated to denaturing 
conditions, 

0 

Repeating the denaturation step using 6M guanidine HCl for 2 
or 16 hours and heating to TS^C-SO'C did result in denatured 
protein, as evidenced by CD analysis. 

5 Example 4 ; Cloning and recombinant expression in E. coli of 
the human C 4bp core fused to a histidine tag sequence. 

To demonstrate that the translationai enhancer is not 
essential for high-level expression of the core domain in • 
Escherichia coli, and to facilitate the purification of the 
!0 protein, the DNA sequence encoding the . downstream box was 

replaced by a sequence encoding a SxHistidine tag by replacing 
an Ndel/BamHI restriction fragment in pAVD 77 with the 
following sequence: 



CATATGCGGG GTTCTCATCA TCATCATCAT CATGGTCTGG TTCCGCGTGG ATCC 

The resulting plasmid pAVD 93, overproduces a recombinant 
protein of 8.46 kDa with the following amino acid sequence; 



MRGSHHHHHH GLVPRGSETP EGCEQVLTGK RLMQCLPNPE DVKMALEVYK 
LSLEIEQLEL QRDSARQSTL DKEL 
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The plasmid pAVD 93 was transformed into the bacterial strain 
C41(DE3) and expression of the fusion protein was induced 
using IPTG as described in above. A protein of 8.5 kDa as 
shown by SDS-PAGE analysis was present in induced cultures 3 
6 hours after induction but absent from uninduced cultures. 

Example 5; Cloning and recombinant expression in E. eoli of 
the human C4bp core fused to the DsbA protein 

The fusion of the C4bp core domain to the short peptide 
10 sequences encoded by the downstream box enhancer or to the 
histidine tag does not necessarily imply that the fusion of 
the core domain to larger proteins is feasible. To determine 
this, the C4bp core was fused to the C-terminus of the DsbA 
protein, an enzyme normally found in the B. aolJ. periplasraic 
16 space. DsbA comprises 177 amino acids, and as such, is 

substantially larger than the core domain itself (57 amino 
acids) . 

C<mat3n»Gtion of the pl^mid pAVD 78, encoding tbs DabH^C^bp 
20 tv^aton pxot&±n. 

The Ndel-BamHI DNA fragment in pAVD 77 encoding the downstream 
box enhancer was replaced by an Ndel-BamHI fragment encoding 
DsbA. The oligonucleotide primers used to obtain the fragment 
encoding DsbA were: 

25 AVD52: 5' GGGGCCCCCATATGGCGCAGTATGAAGATGGTAAACAG3' ; and 

AVDl 1 5 : 5 ' GGGGAATTCTTAGGATCCAGAACCTTTTTTCTCGGACAGATATTTCAC3 ' . 
These primers were used to amplify the DsbA coding sequence 
(lacking a stop codon) from the genomic DNA of Bscherichia 
aoli. The PGR product was digested with both Ndei and BamHI 

JO restriction enzymes, and cloned into pAVD 77 in to create pAVD 
78. 
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The plasmid pAVD 77 was transformed into the bacterial strain 
C4l(DE3) and expression of the fusion protein was induced 
using IPTG as described above. A protein of 28 kDa as shown by 
SDS-PAGE analysis was present in induced cultures 3 hours 
after induction, but absent from uninduced cultures. 
Surprisingly, this protein was present in the soluble fraction 
of the cell extract. 

Piurifieatlon of tho DBbA"C4bp fusion protein 
The fusion protein was purified by two ion-exchange 
chromatographic steps (first DEAE, secondly MonoQ) , using Tris 
HCl buffer (SOinM pH 7.4) and a salt gradient (0 M-IM NaCl) in 
each case. The fusion protein eluted after the first (DEAE) 
ion-exchange chromatography at approximately 100 mM NaCl and 
was then purified by a more resolutive (MonoQ) ion-exchange 
chromatography. The fusion protein eluted at 350 mM Nad from 
the MonoQ and was concentrated before being chroma tographed on 
a S200 gel filtration column (10/30) . The fusion protein was 
eluted from this column in a volume of 12.54 mis of buffer. 

Calibration of the column with molecular weight standards 
implies a molecular weight for this protein of approximately 
200 kDa. The expected molecular weight of the monomer is 
28.08 kDa. This fusion protein is therefore also oligomeric 
in structure when purified from the cytosol of E. coll. 
Without any steps being taken to refold it. 

To verify that the fusion protein was indeed oligomeric, 
rather than that its behaviour on gel filtration was aberrant, 
the purified protein was denatured in 6M guanidinium chloride' 
and 20 mM DTT (for 2 hours 30 minutes at room temperature) and 
the gel filtration repeated under denaturing conditions, (that 
is in the presence of 6M guanidinium chloride and 20 mM DTT). 
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Under these circumstance, the protein eluted in a volume of 
12.5 mis, consistent with a molecular weight of approximately 
220 kDa. The -fusion protein is thus not denatured under these 
5 conditions: the protein is still oligomeric. 

Complete denaturation of this protein was obtained after 
treatment with guanidine HCl.fbr 16 hours at 4''C/ in contrast 
to the Example 3 above, where heating' to 75-80*'C was required 
10 to obtain complete denaturation. 

Activity of the DsJA-C4hp tuaion pxotein 

To test the activity, of DsbA-C4bp, an insulin assay was 
conducted. In the presence of DTT, active DsbA catalyses the 

15 reduction of insulin's disulphide bonds which enables the 
separation of the two chains, and thus provokes the 
precipitation of the free insulin B chain. A turbidimetric 
assay is thus used to detect the reduction of the disulphide 
bonds of insulin. (Holmgren A (197 9) Thioredoxin catalyses the 

JO reduction of insulin disulfides by dithiothreitol and 
dihydrolipoamide. J. Biol. chBm* 254, 9627). 

The final reaction mixture contains 0;14 mM freshly prepared 
insulin, 0.1 M potassium phosphate pH 7.0, 2 mM EDTA, and 0.67 
IS mM DTT, and 100 pg of DsbA or 100 pg of DsbA-C4bp fusion 
protein in a final volume of 1.2 ml. 

The reaction was initiated by addition of 8 pi of 0,1 M DTT 
and monitored by measuring the increase of turbidity at 650 nm 
30 every 5 minutes up to 60 minutes. Each sample was gently 

mixed 3-4 times prior to measuring the absorbance at 650 nm. 
The instrument blank of the reaction contained 0.1 M phosphate 
buffer pH 7.0, and 2 mM EDTA. 
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The results are shown in Figure 7^ and. demonstrate that the 
DsbA present in the DsbA-C4bp fusion protein is still active, 
and the activity is directly comparable to the activity of 
5 soluble DsbA. 

Example 6; Analysis of C4bp fusion proteins under non-reducing 
conditions 

The analysis of the db-C4bp fusion protein by polyacrylamide 
10 gel electrophoresis under denaturing but non-reducing 

conditions was conducted to determine the presence or absence 
of disulphide. bonds between the monomers of the oligomer. 

Aliquots (12ul) of db-C4bp (312 pg/ml) were mixed with Laemmli 
15 ' buffer (Tris HCl 1.5 M pH 6.8, SDS 2%, glycerol 15%, 0.02% 
Bromophenol blue) with or without p-mercaptoethanol. These 
samples were boiled at 90 for 5 min and analysed by 
electrophoresis through a 18% sodium dodecyl sulfate 
polyacrylamide gel, also lacking p-mercaptoethanol • 

iO 

The result was that, in the absence of p-mercaptoethanol, the 
db-C4bp fusion protein migrated as an oligomer (in the top of 
the gel. Figure 9 right side) showing that disulphide bonds 
exist between the monomers. In contrast r the addition of p- 
>5 mercaptoethanol resulted in the migration of the db-C4bp 

protein at its monomer molecular weight, as shown in previous 
figures and on the left of Figure 9 (showing reduced samples 
of db-C4bp during purification) . 
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CLAIMS: 

1. A method for obtaining a recombinant fusion protein 
comprising a scaffold of a C-terminal core protein of C4bp 
alpha chain, said- recombinant fusion protein being capable of 
forming multimers in soluble form in a prokaryotic host cell, 
the method including the steps of 

(i) providing a prokaryotic host cell carrying a nucleic 

acid encoding said recombinant protein operably linked to 

a promoter functional in said prokaryotic cell; 

(ii> culturing the host cell under conditions wherein 

said recombinant protein is expressed; and 

(iii) recovering the recombinant protein wherein said 

protein is recovered in multimeric form without 

performing a scaffold refolding step. 



2. A method according to claim 
protein is present at least at a 
mg/1 of cell culture. 

3. A method according to claim 
prokaryotic cell is £. coli. 



1 wherein the recombinant 
concentration of at least 2 

1 or claim 2 wherein the host 



4. A method according to claim 3 wherein E. coli is selected 
from strain C41{DE3) (B96070444 3, C43 {DE3 ) [896070445] or 
C0214 {DE3) [NCIMB40884] ^ or Other strains resistant to the;' . . . 
toxicity of overexpressed recombinant proteins. \ 

5. A method according to any one of claims 1 to 4 
wherein the recombinant protein comprises the C4bp core 
protein fused to a heterologous polypeptide » 
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6. A method according to any one of claims 1 to 6 wherein 
said heterologous polypeptide is a TNF receptor protein. 

7. A method according to any one of the preceding claims 
wherein said heterologous polypeptide is a BAFF-binding 
portion of BAFF-R. 

8. A method according to any one of claims 1 to 6 wherein 
said heterologous polypeptide is a thrombopoeitin agonist 
peptide lEGPTLRQWLAARA or somatostatin. 

9. An isolated nucleic acid comprising a sequence which 
encodes a fusion protein of a C-terminal core protein of C4bp 
alpha chain and BAFF-R. 

10. An isolated nucleic acid comprising a sequence which 
encodes a fusion protein of a C-terminal core protein of C4bp 
alpha chain and a thrombopoetin agonist peptide lEGPTLRQWLAARA 
or somatostatin. 

11. A prokaryotic expression vector comprising a nucleic acid 
sequence encoding a fusion protein of a C-terminal core 
protein of C4bp alpha chain and a heterologous polypeptide 
operably linked to a promoter functional in prokaryotic cells. 

12. A bacterial, host cell transformed with the expressiori 
vector of claim 11. 

13. A protein comprising a C-terminal core protein of C4bp 
alpha chain fused to BAFF-R. 
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14. A protein comprising a C-terminal core protein of C4bp 
alpha chain fused to a thrombopoeitin agonist peptide 
IBGPTLRQWLAARA. 

15. A method according to any one of claims 1 to 8 which 
further comprises formulating said recombinant protein into a 
composition comprising a pharmaceutically acceptable carrier 
or diluent. 

16. A method for treating a condition in a patient, the 
condition being associated with raised serum levels of BAFF, 
said method comprising the steps of administering to a patient 
a therapeutically effective amount of the protein of claim 14 
or nucleic acid of claim 9. 

17. A method according to claim 16 wherein the condition is 
systemic lupus erythematosis . 

18. A eukaryotic expression vector comprising a nucleic acid 
sequence encoding the protein of claim 13 or 14 operably 
linked to a promoter functional in eukaryotic cells. 

19. A eukaryotic host cell transformed with the vector of 
claim 18. . 

20. Use of the expression vector of claim 18 in a method of 
treatment of the human or animal body. 

21. A eukaryotic expression vector comprising a nucleic acid 
sequence encoding a recombinant fusion protein comprising a 
scaffold of a C-terminal core protein of C4bp alpha chain for 
the use in the treatment of the human or animal body. 
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Figure 2 
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Figure 4 
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8/9. 



OATCTCOATC CCQCGAAATT AATACGACTC ACTATAGOGA OACCACAACO GTrtCCCTCT 
AGAAATAATT TTaTTTAACT TTAAGAAGOA QATATACATA TOQCTASCAT OAATCACAAA 
OGATCCgaga .cccccgaagg ctgfcgaacaa gtgeccacag gcaaaagact cattgcagtgt 
ctcccaaacc eagaggatgt gaaaacggec cttggaggtac aeaagctgce tctggaaacc 
gaaeaaeegg aactacagag agaeagcgca agaeaateea ccetggaeaa agaactataa 
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SEQUENCE LISTING 

<110> AVIDIS SA 

<120> Production of Multimeric Fusion Proteins using a C4bp Scaffold 

<130> AHB/FP6155089 

<140> 
<141> 

<150> EP 02292043.3 
<151> 2002-08-14 

<160> 29 

<170> Pateiitln Ver. 2.1 

<210> 1 
<211> 57 
<212> PRT 

<213> Homo sapiens 
<400> 1 

Glu Thr Pro Glu Gly Cys Glu Gin Val Leu Thr Gly Lye Arg Leu Met 
15 10 15 

Gin Cys Leu Pro Asn Pro Glu Asp Val Lye Met Ala Leu Glu Val Tyr 
20 25 -30 

Lys Leu Ser Leu Glu He Glu Gin Leu Glu Leu Gin Arg Asp Ser Ala 
35 40 45 

Arg Gin Ser Thr Leu Asp Lys Glu Leu 
50 55 



<210> 2 
<211> 57 
<212> PRT 

<213> Oryctolagus cuniculus 
<400> 2 

Glu Val Pro Glu Gly Cys Glu Gin 
1 5 

Gin Cys Leu Ala Asp Pro Tyr Glu 
20 

Lye Leu Ser Leu Glu He Glu Leu 

35 40 

Arg Lys Ser Ser Val Leu Arg Gin 
50 -55 



Val Gin Ala Gly Arg Arg Leu Met 

10 15 

Val Lys Met Ala Leu Glu Val Tyr 
25 30 

Leu Glu Leu Gin Arg Asp Lys Ala 
45 

Leu 



<210> 3 
<211> 55 
<212> PRT 
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<213> Rattus sp. 






Glu Val 
1 


Pro 


Lys Asp Cys 
5 


Glu His Val Phe Ala Gly Lye Lys Leu 
10 15 


Met 


Gin Cys 


Leu 


Pro Asn Ser 
20 


Asn Asp Val Lys Met Ala Leu Glu Val 
25 . 30 


Tyr 


Lys Leu 


Thr 

35 


Leu Glu lie 


Lys Gin Leu Gin Leu Gin He Asp Lys 
40 45 


Ala 


Lys His 
50 


Val 


Asp Arg Glu 


Leu 
55 





<210> 4 
<211> 54 
<212> PRT 
<213> Mus sp. 

<4 00> 4 

Glu Ala Ser Glu Asp Leu Lys Pro Ala Leu Thr Gly Asn Lys Thr Met 
15 10 15 

Gin Tyr Val Pro Asn Ser His Asp Val Lys Met Ala Leu Glu lie Tyr 
20 25 30 

Lys Leu Thr Leu Glu Val Glu Leu Leu Gin Leu Gin He Gin Lys Glu 
35 40 45 

Lys His Thr Glu Ala His 
50 



<210> 5 
<211> 67 
<212> PRT 
<213> Bos sp. 

<400> 5 

Glu Tyr Pro Glu Gly Cys Glu Gin Val Val Thr Gly Arg Lys Leu Leu 

1 5 10 ' 15 

Gin Cys Leu Ser Arg Pro Glu Glu Val Lys Leu Ala Leu Glu Val Tyr 
20 25 30 

Lys Leu Ser Leu Glu He Glu He Leu Gin Thr Asn Lys Leu Lys Lys 
35 .40 45 

Glu Ala Phe Leu Leu Arg Glu Arg Glu Lys Asn Val Thr Cys Asp phe 
50 55 • 60 

Asn Pro Glu 
65 



<210> 6 
<211> 57 
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<212> PRT 

<213> Sus scrofa 

<400> 6 

Glu Tyr Pro Glu Asp-CysGlu Gin Val Mis Glu Gly Lys Lys Leu Met 
^ 5 10 15 

eiu cys Leu Pro Thr Leu Glu Glu lie Lys Leu Ala Leu Ala Leu Tyr 
20 25 30 ' 

Lys Leu Ser Leu Glu Thr Asn Leu Leu Glu Leu Gin Ila Asp Lys Glu 
35 40 45 

Lys Lys Ala Lys Ala Lye Tyr Ser Thr 
SO 55 

<210> 7 
<21X> 56 
<212> PRT 

<213> Cavla porcellus 

<400> 7 

Glu Val Pro Glu Glu Cys Lys Gin Val Ala Ala Gly Arg Lys Leu Leu 

1 .5. 10 15 

Glu Cys Leu Pro Asn Pro Sar Asp Val Lys Met Ala Leu Glu Val Tyr 
20 25 30 

Lys Leu Ser Leu Glu lie Glu Gin Leu Glu Lys Glu Lys Tyr Val Lys 
35 40 45 . 

lie Gin Glu Lys Phe Ser Lys Glu 
50 55 



<210> 8 
<211> 59 
<212> PRT 
<213> Mus sp, 

<400> 8 

Glu Val Leu Glu Asp Cys Arg lie Val Ser Arg Gly Ala Gin Leu Leu 
^5 10 IS. 

His Cys Leu Ser Ser Pro Glu Asp Val His Arg Ala Leu Lys Val Tyr 

20 25 30 

Lys Leu Phe Leu Glu lie Glu Arg Leu Glu His Gin Lys Glu Lys Trp 
35 40 45 

lie Gin Leu His Arg Lys Pro Gin Ser Met Lvs 
SO 55 . / 



<210> 9 
<211> 52 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Descsription of Artificial Sequence : Variant bf the 
C4bp. core protein 

<4 00> 9 

Cya Glu Gin Val Leu Thr Gly Lys Arg Leu Met Gin Cya Leu Pro Asn 

I S 10 



15 



Pro Glu Asp Val Lys Jdet Ala Lau Glu Val Tyr Lye Leu Ser Leu Glu 
20 25 30 

lie Glu Gin . Leu Glu Lexi Gin Arg Asp Ser Ala Arg Gin Ser Thr Leu 
35 40 45 

Asp Lys Glu Leu 
50 



<210> 10 
<211> 57 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; variant of the 
C4bp core protein 

<400> 10 

Glu Thr Pro Glu Gly Cys Glu Gin Val Leu Thr Gly Lys Arg Leu Met 
^5 10 15 

Gin Cys Leu Pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu Val Tvr 
20 25 30 

Lys Leu Ser Leu Glu lie Lye Gin Leu Glu Leu Gin Arg Asp Ser Ala 
35 40 ^5 

Arg Gin Ser Thr Leu Asp Lys Glu Leu 
50 55 

<210> 11 

<211> 52 

<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of the' 
C4bp core protein 

<400> 11 

cys Glu Gin Val Leu Thr Gly Lys Arg Leu Met Gin Cys Leu Pro Asn 
15 10 15 

Pro Glu Asp Val Lys Met Ala Leu Glu Val Tyr Lys Leu Ser Leu Glu 
20 25 30 

He Lys Gin Leu Glu Leu Gin Arg Asp Ser Ala Arg Gin Ser Thr Leu 
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35 40 43 



Asp Lys Glu Leu 
50 



<210> 12 
<211> 57 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequences Variant of the • 
C4bp core protein 

<400> 12 

Glu Thr Pro Glu Gly Cys Glu Gin Val Leu Thr Gly Lys Arg Leu Met 
15 10 15 

Gin Cys Leu Pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu lie Tyr 
20 25 30 

Lys Leu Ser Leu Glu lie Glu Gin Leu Glu Leu Gin Arg Asp Ser Ala 
35 40 45 

Arg Gin Ser Thr Leu Asp Lys Glu Leu 
50 55 



<210> 13 
<211> 57 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Variant of the 
C4bp core protein 

<400> 13 

Glu Thr Pro Glu Gly Cys Glu Gin Val Leu Thr Gly Lys Arg Leu Met 
1 5 10 ... 15 

Gin Cys Leu Pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu lie Tyr 
20 25 30 

Lys Leu Ser Leu Glu He Lys Gin Leu Glu Leu Gin Arg Asp Ser Ala 
35 40 45 

Arg Gin Ser Thr Leu Asp Lys Glu Leu 
50 55 



<210> 14* 

<:21l> 50 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequences Variant of the 
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C4bp core protein 
<400> 14 

6X« Gly Cys Olu Gin Ala Leu Thr 61y Lys Arg Leu Met Gin Cy« Lau 



" 15- 



pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu Ue Tyr Lys Leu Ser 

23 30 
Leu Glu lie Lys Gin Leu Glu Leu Gin Arg Asp Ser Ala Arg Gin Ser 



Thr Leu 
50 



<210> 15 
<2ia> 57 
<212> PRT 

<213> Artificial Sequence 
<220> 



<400> 15 

Glu Thr Pro Glu Gly Ser Glu Gin Val Leu Thr Gly Lys Arg Leu Met 

^ 10 15 

Gin ser Leu Pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu Val Tyr 
£0 25 - 



30 



Lys Leu Ser Leu Glu He Lys Gin Leu Glu Leu Gin Arg Asp Ser Ala 

40 45 

Arg Gin Ser Thr Leu Asp Lys Glu Lau 
50 55 

<210> 16 
<211> 52 
<212> PRr 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Variant of the 
C4bp core protein 

<400> 16 

Glu Gly Ser Glu Gin Ala Leu Thr Gly Lys Arg Leu Met Gin Ser Leu 



15 



Pro Asn Pro Glu Asp Val Lys Met Ala Leu Glu He Tyr Lys Leu Ser 
2° 25 . 30 

Leu Glu lie Glu Gin Leu Glu Leu Gin Arg Asp Ser Ala Arg Gin Ser 
35 40 45 

Thr Leu Asp Lys 
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<210> 17 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Deacription of Artificial Sequence: Flexible 
linker 

<400> 17 

Gly Gly Gly Gly Ser 
1 5 

<210> 18 
<211> 10 
<212> PRT 

<213> Artificial Sequence- 
<220> 

<223> Description of Artificial Sequence: Flexible 
linker 

<A00> 18 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1 . 5 . 10 



<2X0> 19 

<211> IS 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; E'lexibie 
linker 

<400> 19 ■ 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
15 10 15 

<210> 20 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence} Flexible 
linker 

<400> 20 

Gly Gly Gly Gly Ser Gly Gly Gly Gly ser Gly Gly Gly Gly Ser Glv 
15 10 15 ^ 



Gly Gly Gly Ser 
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20 



<210> 21 

<2n> 14 

<212> PRT 

<213> Artificial Sequence 
<220> 



<400> 2X 

He Glu Gly.Pro Thr Leu Arg Gin Trp Leu Ala Ala Arg Ala 
5 10 

<210> 22 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

^'"^ o!otlir^^^ Artificial Sequence: Downstream box 
peptide sequence 

<400> 22 

Met Ala Ser Met Asn His tys Gly Ser 
^ 5 



<210> 23 
<211> 31 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 23 

cccgcggatc cgagaccccc gaaggctgtg a * 

<210> 24 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> J 

<223> Description of Artificial Sequence: Primer 
<400> 24 

ccccggaatt cttattatag ttctttatcc aaagtgg 

<210> 25 
<211> 54 
<212> DNA 

<213> Artificial Sequence 



31 



37 
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<220> 

<223> Description of Artificial Sequence: Sequence 
encoding a 6xHistidine tag q«ence 

<400> 25 

catatgcggg gttctcatca tcatcatcat catggtctgg ttccgcgtgg atcc 

<210> 26 
<2H> 74 
<212> PRT 

<213> Artificial. Sequence 
<220> 

f!!!:!^^""" Artificial sequence: Amino acid 
, sequence produced by plasmid pAVD 93 

<400> 26 

Met Arg Gly Ser Hia Hia His Hia His His Gly Leu Val Pro Arg Gly 

* 10 15 

ser Glu Thr Pro Glu Gly Cye Glu Gin Val Leu Thr Gly Lys Arg Leu 
^° 25 30 

Met Gin Cyj Leu Pro Aan Prp Glu Aep Val Lya Met Ala Leu Glu Val 

40 4 5 

Tyr Lyj Leu Ser Leu Glu lie Glu Gin Leu Glu Leu Gin Arg Asp Ser 

^5 go 

Ala Arg Gin Ser Thr Leu Asp Lys Glu Leu 
65 7Q 



<210> 27 
<211> 38 
<212> ONA 

<213> Artificial Sequence ' ' 

<22Q> 

<223> Description of Artificial Sequencer Primer 
<400> 27 

ggggccccca tatggcgcag tatgaagatg gtaaacag 

<210> 28 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

ggggaattct Caggatccag aacctttttt ctcggacaga tatttcac 
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<210> 29 
<211> 303 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> description of Artificial Sequence: Promoter and 
C4bp coding region in pAVD77 

<400> 29 
gatctcgatc 
agaaataatt 
ggatccgaga 
ctcccaaacc 
gaacaactgg 
taa 



ccgcgaaatt 
ttgtttaact 
cccccgaagg 
cagaggatgt 
aactacagag 



aatacgactc 
ttaagaagga 
ctgtgaacaa 
gaaaatggcc 
agacagcgca 



actataggga 
gatatacata 
gtgctcacag 
ctggaggtat 
agacaatoca 



gaccacaacg 
tggctagcat 
gcaaaagact 
ataagctgtc 
ctttggataa 



gtttccctct 60 
gaatcacaaa 120 
catgcagtgt 180 
tctggaaatt 240 
agaactataa 300 
303 
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This International Searching Authority found multiDle roMun* 
inventions in this international application. al fSnoif- '^ ^ 

1. claims: 1-6 {all partially) » 7 (completely) g lo rh«»k 

Product coBpnsing a C4bp core protein and a monomeric 
antigen, wherein said mononienc antigen is a SSnS^ 
antigenic fragment of a Plasnwdium SzJit? Sf^e 5rot.i„ 

L.^K:*"'" S«^Pr^5l"9 product. SeJhod Of P'"*^" 
inmunotherapy of malaria using said product Use of <>iH 
product or the manufacture of a medfcamSJt to? tSe 

2. Claims; 1-S <^^*-.'^^)>,tlnPjftely)^^9^^ (both partially,. 

Product comprising a C4bp core protein and a monomeric 
antigen, wherein said monomeric antigen is a monon^rlr 
antigenic fragment of influenza virurheilggilSS? Irotein 
or the influenza M2e peptide. ComposUi5r?S«iH; 
product. Method of ifnmjnotherapy of InfTuenra us inaM^rf 
product, use of^said product fS? ?he 5an!fSc?u?e Sf a 
medicament for the treatment or prevention of influenza 
!S5Si? " antibodies aSainst inflSlnw uJiSg^aid 

3. Claims: 17 (partially), 18, 19 (Both completely) 

Method of passive iiiwnizati on against a disease of a 
subject, said method comprising administering to said 
subject an ininune serum containing antibodies, and wherein 
said disease is malana Inmune serum obtained by a clJiiSd 
sSjeS' ' inmunotherapte of iiialaria iTa 

4. claims; 17 (partially). 26, 27 (both completely) 

on against a disease of a 
subject, said method comprising administering to said 
!Sffi.!?.l™c"- ^r**" containing antibodies, and wherein 
said disease is influenza. Itmune serum obtained by a 
claimed method for use in a method of imnwnotheraple of 
influenza m a human subject. *^ 

5. claims: 28 (completely), 30, 31 (both partially) 

Method of making a product conprising a C4bp core protein 
and a non-poiypeptide monwierk antigen. 
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6. Claims: 29 {completely), 30, 31 (both partially) 

Method of ipaklng a product comprising a fusion of » r^hn 
core protein and a_Polypeptide monom2r?c aSliJeS! ^ 

7. claim: 32 (conipletely) 

i'l^'^sing the infnunogenicity of a monomeric 
cSS'Sfe'Ste!"'' '^"'■^^^"^ Jolning^aid'aSSriS a 

8. claims: 33-3B (all conviletely) 

Expression vector comprising a nucleic acid sequence 
encoding a fusion protein of a C4bp core proteiSSJd a 
polypeptide monofneric antigen, operably linked to a . 
functional in host cell. Bacterial and eu SrSotic h«?J J^f?'' 
transformed with said vector Use of Lid ^^Pl 
of treatrnent of the humIS oJ-aSiSa? bSdJ "^^^^^ ' 
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Octamerization Enables Soluble CD46 Receptor To Neutralize 
Measles Virus In Vitro and In Vivo 




bin^lt;?Sd?(XT.'1hJ»7«S'^^ ^ C..^™, part of U« «b 

iBcatiM vhw ehalln^ ^ "^"^ Inasgeaie mice a|^ • Mhai wuwraitfal 



hw( M b has aikMMid teveral granpc » invcniMie the poien- 

Whereas wombiwt «oh.Ue 034 ttulIVs eihibitetl hfi 
neutraliziiij pmptni^, ax least io vto», ssainsc humaii iJ3 

rais^ri^^^ «cw«yof rMombicnt soluble monomeoc 
CD46 (sCp46) againsi MV was reiy poor (16, AS). Since MV 
vrm* binding and fiaioi, to celb lil»fy^y6h>i»lL^a<^ 

ibnn of salutile CD46 oemid htve mora pot«M awivintt tdMqT 

t6tpa^bls tot an Muie human pulmonary dacate with Meh 
morbidity and morn%, killing ^ y milTtoB youVdiflHn 

wed »<ilh a profound but tran«|eii( celhOar ImimnMdfiDreS 
In rare casB. MV ««, induce lethal neuropathalOgkttiS: 

pw* "1 eWckeii efbryowlcflbrDbCiSBi. c«r«nUy 
effective b«i limited va«i«e because of it. inaadan«rr„ dSI 
dren less than 9 months ^d. "7""u« 
Hunan CD46 {or membrane eofador proteinL which is 
«3rt»»rt)cyu«, Is u<ed £ a ealiuUr 

strains (J7, 38; see reTerenee 22 lor a review) ihrou^ the 
inteiwKlon of its eetedoriuin with that of the MV envelooe 
gbjoproiem hemagghuinin (H) (16). Ihis MV M.CD46 inte! 
aiawn induces a mutiimplc(;ular scaffold in which the MV 
fusion K^yooprottio (f) iMuet the fusion between the MV 



envelop* and the plasma call membrane ai a neutral pH m 

served ifitr MV infection. CD46 U a Kraiurnemhrttni. •lulr.»- 

gene bmlly. The dominant tlritcuiral unila of CD46 ar« the 

aods that a>« mpontible for eomplemettt bimtfns andinnu 
hta^ fkmetions. Structurally. thTN-temtaTSHcsfS 

(STP).rMh domam, a transmembrane domain, and dne^Kn 
cytoplasmic tails. CD46 protSSTSSZlS^I^ 

»e factor I senne protease, which cleaves Qb (see reference 
30 for a review), and also pitnints the alteoiitn^ 

sSs t"" ^ *««>f"c«oractivi^.UK 

SCRs m and IV beittg mainly iovohwd in the binding to Ob 

•n» H binding site on CD46 has been mapped to the fim 

owe SCR domains f and n ri7), which »a^ reiiuh^^ ^ 

SCR I aiul n ay,u,|» (g). together *ith H, l^r^ind aJSoJ 

bmd ng studies on site-directed mutated CD46 woteln 

32). indicated that ihe H protein interacts on one S« e£2 

^ « SCR II. Although 

dispensable for MV binding, the underlying SCR IU and IV 

mL^,'?« W'i''^"'"?*** with SCR IV playing , 

CD4«-mediatad MV entry (21, 33). 

CdST fif'^^ uif"* » rccDmHnani soluble form of 

receptor. This was based on Sb binding protein (C4bp) an- 
other eotnplemant t«gulato>y laolecule this m<5lccute fc a 

SCR domains Inked to a Oiertninal oligomerieaiioi? penuL 
and one p ebaut composed of three SCR domains link^dtolw 
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SCD46 REOSPTOR NEUTRALIZES MV IN VmHO AND IN VIVO 4<73 



oUgomtrizAlion pepiido. When adsorbed to thin carbon ftlms 
and examined uAdtf QlcdroD microscDpy, C4bp hiS a apidCT' 
lilcc $cruaure (12, 47). Afwsion praicm between the four CD46 
SCR domains, STP B rcgioo, and the oUgonierizalion site ot 
(he C4bp a chain was fictusrawd and teswd for iu hfV-iicu- 
(ralizing properties. 

Mi^TEUALS AND MStHODS 
Cftistnff pfQccduxc aad lioliUoo of lintf pratfaGitiaCD4^-C4»^9 fti»io)tt 
^iffin. A cDHA cadioi for IH liftMl peptide titd ihB Arti tfi9 vaitto acdi ol 
CD46, vhleb Ofloompaw ^« (our $Ot dofflfllst and iK* STP B le^iOH, wu 
fMiad t6 « fiDMA cAQ6dini ibe Mniao^ictd S7.Ci6Rnifttl (e^tteace ol die C4bp 
o chiim wiriEh eAcampMj&et ihc C4bp millimcKiaiien dcunAtA. Tha dONA 
cnoodifMr Ihc CD^d^Cibpa chinerfc pQ\wa »vbcloncd uadcr lh« iinhn 
vinu 40sKomDtcr at the pSCCl c(tk*fyMie «flc)0r (39). AAu mtntafeeikm with 
ihB bMAMHm filasmid (ttdlBglDr tusomr^ teiaUftee) imo CKO edb« »tib1c 
Lionel fca«iiBS tli< Cm6-C4bpci prMtin *Mra isoliicd vid arapJUkd u pub- 
Ihbed (2S). Tbc cONa wMmg tha $CD46-04bpa vu also cybeiAned 

una« 4te cyiojn^ttoviTMi promoief bM the aTEXS vsenr (Ifi), which wb 
ottd to dcn«e httffliA inCSHA cdb: apcotdnfi ibt ^meric frol^kn. Tba 
ieCi«tion ol Uic ehtmefi« protein wis Oetemitiwd tttins a dot biM suay wiib 
MCI20.6 amiXDad uiibo^ and tmiTVBiise rmnBaogtobuUa (iaHlVatino 
phosphaiau eoniwaaae IS pxeviovftiy dcraittd (m, IhmsfaW a& the affiUjw, 
ao rniRKmopuitted rNoabinaiil monamene sCD46 pnvimtffy docribcd (tO) 
wtf iMcd for eAapifodt^ ftudiBi. 

riBftftatbii and MacliainkM «b«ri«lariiacleB of aO^^ 
Uia Tha (ceombirtam sCDd6<}<bpft proietn wii famBanopurifitd tnm eoil 
fv^mttftoi 0^ Ihc mUGX>4« mOBodDMl aolSbfidy <MAb) 8aJ bmnobilM 
oo aeit«M£d ScpHvO^ 40 (PhBimKU) accordihc to the munilaciore. itwiftic. 
tion and ^ dvtcd i»<(ti O.I M Ha-^jrdne bttflcr (pH Z.8), AllB(T>ati*cfr» ih« 
(OMd-OVbpA ptoteiA wifc prodvcc^d b\ ienim-lrc« ncdt&m Mipp4eM«iited wKh 
tiiB plAM-dciwed <«c<or ?raUfti (5<onc^). «mmmraud on IQO-hZte 
etttutim rwttbf WW. and pwrffted by fc>ciii«on ehrtmawii^pliy cn SephooyI 
200 <lPhayMftoia), McUbdie labeUni Tran^^-label (KBN) far 30 min fol* 
la»«tf byidiftt-dJ^hind invrranoprccipitaiioii of edl cmaa andadliuper^ 
naiul tiihtg JMa imibsdiA ind prouin Mofharow baadt wtfM ^ifonoed 
atfvrdbtg (D pnblifta^ pmeedBro (tt^ 30). 

Maifii^usiMC^ laiir icroivilaa Ma iprtCfOMiry WAUH M5). After d»- 
llyiB iAd MScaMraiifln aodet vaaniro. tbe •u&plo w dinolvM ui 0.1% Ini- 
luoioa^tic aoid Md mmd with mm ii (luuraicd lohaion tt 3^^iincikfi9fy-4. 
hf^mwmMink aCid ia 0J9( uIAvaimcUc icad in Wiier.aetfOiiUiilb (2:1. vol/ 
««n). One mierofilcr d the moivit wUh a aftlhantMainpU* > vio Ol ea« 10.000 
was dcfiBsitcd on a tin layai ol mi^ eiyitbls prfeppmd on tba taK|;di* Altar 
dryifis la air li anbbiiil tamperalurtt, molfiRg eiTUtls «cie tnUynd bi the «mu 
tpccvofmnar Biffcr, BtfefrRA. Gcmniny). Exvernal ealibffMion wis nude 

wiih eubonie inhTdraofc (29^ kDi) or mOnOflwrie liid dlmcife bovioc inuoi 
albumin (6M30 lod UW^ kDa>. Saficln <«ero aoqvM ia Uaear niod« (tif rbo 
mode) at on ■ftrleraliOd «oUa«e 0138 kV. 

Boxymc-Kobid tmmMerbcM otiay proctdorc. Tte rcacdvUy of aCd46* 
OitfMi ^t>t »oii-CDcd amibodiea «i* leded bi aii utibodf bindidg eomprtliion 
^MMf en iRiMobUiscd tsooiBfoinaai sCI>4b fovcalod by a phoiphaiue alkaline 
aAlt-«afltua Ig coa|«I|$«o as praviovMy det»ilad <6, 1$). The ippircnl »vidlvy el 
■nlioodies w dtitrmtfud Cnun iha rcO'esanUlioo el line^^veriiid Bkukp Lc., 
lAoond ftmibody >» a fuooioocr l/tftiiboay ameenvaiiea (6). 

Ob dEpoiItloai HuAin Ob depoiilien on CHO and QiO.C046 odU Id* 
lowing amivauon ol lha iliciniitve com^lMlMHl pithway was poT<Ofniiid c»ea- 
lU^ u nwot^ daotbcd <L5). fiHnay, CitO ealH *ere iaeubaied yiih hunwA 
scrtm diitkied 1:3 m the prvsencs el 20 mM MgG|, 100 mM EOt a, lod seiiaT 
dilolion* el either t^dd-Cdbpa or 9a>dd (or I h at 3rC. Aliflr b«mg ««h*d, 
ihfi ^ wfefta iodmiiiohbelcd ittbig aniI-C3b(C3«> VHl aaiibotfy and ami. 
fDovse igG-phyooerymfia ouvdfRB. T)ie levd of C3b wu metfuM by flow 
Mvenciiy* 

Cyleilirai«0ifify esMyf. The binding BlsCM.G4bpa lo iruiamonibranc MV 
H prQt«m was lasted alter ittcubadoo ol scHally diltued protem 'f Hh Z x ID' 1^ 
fldii axpreasbig MV H ilycoprotcsn )a • nund^^uoai 9&wvll mifiMifter pUla 
(30 niin al STCy. FoPowng wtfbbigi odb were laeiAated ^ an appropfiiw 
daeiion of the «ti<GEMd G9M .antibody, f h^^OnryihrtA'^anii.aiBuse igG 
(he^- and Mt^^Hiin) o^'u^aie <«v added (eU^^ing addQlon^l washing and 
Mte(ioorMB«iry analyali performed si detailed pre*^sly <I6). The results were 
emreaatd ta mean flitaruoUnB vsiu^ tnd lised to eatin^^ the aopareni avid^ 
orsiQ>46'Otbp hm die n.pMartaitoo off Iw^fewr and Bariu 

Vims biBdlaa aMty. The aSaay was pertormsd essentially as d«ser(bed 
Serial dilyltsiB ol the reombbilBl lCD4d maiflrial wtrt tneubated with purilied 
MV (HslM suab) lor 1 b ai 2(rC. ^ the misttic was addod lo CH0.A4d 
ttas. MV biodbig W tneisoroO tfter imreuoolabellAg and ha^ cyumetiy- 

CcU MaO' AquamluCWa (usien assay based on the ooadiibnal otprttlion ol 
0<aalactoudase (^Gal) mider Uia eontrol ol fho polymerue pramoier wv 
used, ^t^, the £ni HeLa ecU psrmer was in^ciad MV (KaSi stnin) (ai 
a mufiiplieJty oIlBtafon (MOI) o! 2) (or 8 h at 37C Ato 7 h ol Ineubitioo t 
lOoooAbiaoi ¥aacinla ¥iniA cMding the TT-DNA^^endoat 9Na poiynarase 



(wn) (tl an MOI Of 1) add^ ac the nod of ihe 8^ peiiod chc cdif were 
«fMhed oaoe and euhured (or sn addiiioaal 1^ h in the praicAEt ol i lUSlan 
pcpikda InhlbliDr, «>o<PhE.phc*CV* p^EVtiu oag0i<ig eeQ bsbo and eif)deub> 
A seeond cell paytaer was talccled with a rcoombiosm vaedala HfttS Aoebding 
iHe T7-dii»da p«Gal cPKa (%Ca2lRJacZ> (at an MOI of i) (3) ^ I N rabed 
once, and thm Ineubaicd for an addUiand 16 h u 37C MV* and wri^ecled 
oslls were waibed ihMC ibnt> to eliminate (He z-lft^fao'Ph<^01f pepiida and 
Kfutpendcd in cuhMra medoun lupplen^ted whh aO fiM AraC ia uop iho 
repficatlAn of ««ceinia virus and reduos non9pefiiftc iaduetioo ct pOAl acii<4h 
09)i A lOial of 10^ eaBs were eoioeubated with seeriat dibnten ol ciibtr bOM, 
cCD46.0lbpa. moaodooal anii.MV<4f dgdS, ami'MV.P Y503. or atni^uman 
Ob WMl aatibedy far 30 min at 4*0 tmt lo the additiao of 10^ «GB2iR*la£Z 
inC^M Kia Alter ^ h of bieubaaan at SrC the tails w«K ^ and the P-Gal 
atili«iv waa deurmtacd by eolorHnaliy usins o.aitfophenyl-O'D'gslaeiapyrtRb* 
tide si^tisata ^UgmaX 

Id nivo ttcatnUi^oo aM»yc diBesem melhods uto^ used. In Ihe am 
one. ^Ul diluliona of aCDad, «CDd«K:4^, or bovine somm albumin weia 
(neubaxcd f or 30 mio 4t 5rC with 100 PFU of MV (^dreOOSton aifaSa) (Amai^ 
l««n Typd Oriiwo Cofl^ion) {n UlSUa eultura msdium lOpplamenied wdh 2% 
feltl Mil senni. Hie mfccufo was Ihan iayBre4 omo a Vao caU maaeUybr and 
' iBeijba(adfor4diyi.CdU«oiaii8cdbl0fttorfnaUnaadsalMdwUhj^ 
blw, Wd thd aufibAT ol PFU was coomd. I)ie aecoftd laeihod was de««afl lo 
as ID (eat tha icventbOiv ol (he %inis peutraliialioo. Bric^ IC^. l^t X<f> ^ tO^ 
30% lisiua eulnurc bdediva dasa OTCDm) dI b<V (KaUa Urain) ^ ioevbaied 
. wilb 300 MOfsaN«^bpai.WII aaiiOh.4ga6ami MV.lt Qr YS03tBiU 
MV-P Mtibaditf per ml ta a Anal volume 0( 3D id for I b at TTC After f ^ 
•ddition of 770 |il ol edbttito ^imt serial diiudoaB (1 J) Of tha mitfttra we/a 
made in 96^U BiieiotileTplateS, with cadi dihnloa bcini eqttauy aU^^ 
oifihf weUa. Vera ^ (UT in 9100 pJ ) woe added m each «dB» aad (be Mln- 
plua wbm iaeuboied Cm 10 days at 3rc. Oadar th«sa eendilioas, (he &>al 
cen^iratieii of ibe i^thitBr during (he Vera eell bdeoioo ilcp was inferior Or 
equal le 10 aM at meiL lafedioas «inu was quaaiiM m$ the TODm 
pfoaalure. . 

la ^ Dtvfmliiaiioa asaar, Tram^uiie busO aaiquiiouslsr capresahig iha 
human CD46 protaia Pine M<7-7) have beta deaeribed fe»v«teaiV (2S). "noc 
miee w^rc ihown ia be highfy Kaiiin« ro intueraaUl mfbeHon by MV (le). 
aafera Infection, phasphaicibuffend saitne (PS5)« sOMfr^ or sCD46^0(bpi was 
lalaed widi eHhtf MV (ednaettoa si^ or eaoine iiu/entpci yix9% (CDV) 
(Ondtfsispoorf ciraia) aad bseubased ^ IS alo al'37^ Tblf.na^ (30 id) 
Then Ui^ la iMiscraniany inaoilate 2* io 3^y^ aockliag COi6 vMM^ 
gBmemift^Apdiqi»^afascrvedforcliaiedqinpion» 
M«ks. 



RESULTS 

CDdMMbp^ prouiii is ncrtied ac a homo-oduiier. Afi«r 
iransfoction wi(b CD46-C4l^.pKa or APEX-CI>46-C4bpe»i- 
karyoiia vectors aad selection in the presence of the ippropn- 
aie anfcibSoite&, sev^al donei of CHO 9ikd 293EBKA edU 
were found to sei^cie a proffiia whidi raacted with (h^ 
Ma20.6 anlK:P46 MAb in a doc blot assay. One ol the CHO 
cell cloncAi 2BS, was metabolfealiy radiolabeled for 30 xnin and 
ihea subjected to a chase of 2 h. From tha odi exlrftCl, the 
ant>-(^6 NiAb J4^ spediu&liy imttunoprDeipitat^ « pro^ 
lein whtdi resolved alter po^aoylamlde gel eleeirophoreraa 
into a doublet of ^50 kDa and a angle band of *^250 KDa 
under reduang and nonreducmg condittoiK, respectively (Fig. 
la, Unes 3 and ?). From the eeli supematani, the immumapre- 
dpiuied material resolved into broad bands of ^65 and ~320 
kDa under reducing and nonreducirig condittons, respectively 
(Fig. la, lanes 4 and 8). In addiiioo, a band ^th a mass of 
>200 kba, whidi could corvespctfid to unreduced sCD46- 
Cdbpa, was also derected under reducing conditions (Bg. la, 
lane 4). Tho size incireasa of the secreted maicrial as well as the 
broadening of l>ie bands probably reflects helerogeneotts fily- 
cocylatioti, which is typi(»lly observed with CD46 (30, 38). 

Su&lcni matartal was iffimunopurified on an ^3 MAb 
column for MAtDI MS analysis. The spectrum resoWed into 
12 peahLs labeled ai fallow^: a, l9fiU Da; b, 37,963 Da; 
42,772 Da; d. M.735 Da; c, 100^2 Da; £, 120^9 Da; g. 
139^33 Da; h. 159^5 Da; I, 199,079 Da; j, 238.3W Da; k, 
277362 Dai and 1. 317,421 Da. This series was completely 
dtfitcrent ttam those resulting from uiual multiply^arged ions 
or from Ion signals oonesponding (o molecular dusters (dimer 
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olH "^-rad^rfaMcsd CM^pa imintiAopr«dpi»nd uMUng I4-4g pnlK:D4« 
MM .hotfy Midcr M^u^OiBol I io«) »Ad JioiiRdudRS(laBCs 5 lo 8) ce«i«u«Qi 
i4 utt cMf Ml CfdRi CI» (lanss I and S). OfO-CD4M4bpa ^ (Unei 3 ind 
7). 1^ <MA MipemMaRI «f Of O <lAikfii 2 and «) or CHaCD44*C45pa (lanex 
4 iihl K) alK Mli|«/ bAAdi sp«ci«ca)Jy inMunopredpiUted Ate indiUMd by 
iin^v A praratAeni n^nSf^eKie bmd iimmd lOO kOA m abu^«d, (b) 
MALDI 1.^ «r fCD4^C<bpa proldu. te^k* Ubcled d. f, h. I. ). k. Mid I irc 
itiiifd 10 fKe URghr cuirg irti lon serict, mhI pe^ks 9 Ihrovch h ai« r«bicd to ih< 
cMr0£d >0R icf r«ki b« dit 4ftd b coirtlpeiid ui i«q» bdOAging to 
fcdh mKfy »ml dovbly chireied una. ton ipeCict of Ike litigjy ind dfiubly 
cAMftCil «cria fiomt ibuting to cub pc«k wtdnited ibo^e Che cunrc. 71m ihms 
1 0.01 (Pfiik b) •nd A.T« (peak I). 



|2M ♦ H'^ Vflmtt (3M + H" ), clc.) which may sppev in 
KfALDi M&» Bl high snalytc conccnlralton. Indeed, as shown in 
Fifi. lb. ihe pehk intdnsities indicate the hveWe pealcs 
actually correspofld lo eight sii^ftly chairged ions (peaks b» d. f, 
h. i. |, k. and I) and eight douUy charged loos (peaks a to h). 




VIROL 

Tlie ion nom«nclaiure based on Ihc number (one lo eiahO of 
--40-kDa suhuniu and the number of procoAS bound to the 
fragment. Four of these peaka (b, d, f, and h) arc cbviotMly 
heterogeneous and reflect Ihe occurrence of one singly and 
one doubly charged ion. For ejtample, the 4* and 8'* Ions 
comribuie to the intensity of peqk h. The molocuUr masses 
(MMs) and inUnsities of the 16 Ion species suggeei thai they 
are produced by elghi tragmenis, or subunlts, of a native niol- 
^cule differing, by arv incremenul MM of approximately 40 
kDa. FUnhermore, ihe spectrum shows (hat, as e^tpected, (i) 
PkjkM^^f.^^. . , "r those 

^ and 

, , . . . „ — ^ whoks 

molecule; (ii) peaks a, c, e, and g, which are presumed to be 
produced by a single jen cypo, hsve much lower inien^tics than 
IheiT neighbors (peaks b. d, t and h), corresponding to e 
mutuni of finely and doubly charged ionr, (HI) peaks I, j» k. and 
I exhibit dcoreasing imensities as eapcctcd for a series of ions 
with increasing maases; and (w) I, ihn peak with the 
highest MM of the series, has a MM 16 times greater than peak 
a and 6 iimcs greater than peak b. Tlie expeeted nature and the 
location in the spectrum of the 16 singly and doub^ ciiarged 
tons is gbeA in Fig. l. 

We conclude thae the peak scries oarraspond to the mono- 
mer, dimer» ulmer, tetramer, pcntamer, hexamer^ heptamer« 
and ociamer of a subunii with a MM of 37,963 Da. Mass valuex 
may be siighily undeiesii mated because of possible laser beam^ 
induced carbohydrate Joss during MALDI analysis of glyttD- 
rotetn sampiea. Thus, the CD46fC4bpa chimerical protein was 
secreted as homo^amers linked by disulftde bonds. 

ftcacttiMy Off sCD46<>tbpa protcta with aiiti.CD46 anllbod- 
iea. The sCt>46-C4bpQi protein was found to react with a pane) 
Of anU-CD46 MAbs directed againsc CD46 SCR-t, SCR-XI, 
SCR4n, or SCK-IV domains (Table 1). Ho%i«ve!r. wtien cow- 
pared 10 mOAomeric sCD46. the octameric sCD46-C4bpa ex- 
hibited an increase in avidity to E4.3 (TO^fold), Ma20.6 (3- 
fold), and.GB24 (2-fold) antibodies, whenas a decrease in 
«vidi!y to M7S antibo<^ (lUfoU) was obscfved. Similar avidihr 
values were observed with other aQti-CD46 MAba, TRA2,1D 
and tO.88. Taken together thq indicates thai, upon multimer- 
izatioTU some minor eonlbrmational changes of SCR domains 
of CD46 occurs. Ibis pauerm of antibody readivlty^was also 
different from that observed with the natural transmembrane 
CD46, which exhibiia Ihe highest avidity for all antibodies 
tested. 

sCD4^-C4b)^ .haa no CMplcmeiiC r^ulatety a«lii%. The 
sCD46-C4bpci was mixed with human senim and incubated 
with CHO cells to determine iu ability to prevent the ampli** 
ficatkan loc^ of C3b deposition of the alternalive complement 



TAUL£ J. Appsrcflt avidity {X^) of ami-CD46 antibodies for iransmenibrant Cf>46 (tmCD4fi) expressed On CWO cdl$. as dcicimbwd by 
fiowr qffpmciiy, ind for moikomeric tCP^S or odanerie sCD46-Olbpa pretaimL, 4s deteHQvinad by competition enMie-linkBd 

inmwioierbcnt asssy on lounofaiJizcd aCWff' 
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* The dAla M die inhibitoiy wMtkA %^km€mpit/mctA CoCmIot neUvriy (andfiriiiMd) lad MV iK binding tin faoldtici: lytel txe aoM rvfcrciiKi L 15, Md M 4od 
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PIG 2. Cyb dcpo«Uion lUeffmli«« ooiApicmcOi wt^uion ot h^m^d 
Kram en CHO eejb In ihc pfcstncv of o^URisrie (GU^*C4bptt (circle) cf 
iponomsrie »CD46 (liisi^tt) pcoietni.l1ie idttlu tie ex^xesied *t « |ftcnxnia|? 
of ihc C3b dtipOMifan IgmI ohuActf on CHO crilf iii.ihe A^tt of luHtbitOf. 
Th« jcvcJ of dcpCMiiiOA «f C3b on CH&OMfi edh it bidioMMl ihc bollem 
HMikteivl jgiial liite. »«;«bs >n ciimulitiue dMi from fmtt ^Refeni t«- 

pathway (P>g* The iiCD46-C^bpa protein was urubl^ to 
diuiredse the Itivel of the Ob deposition on CHO cells even at 
ttie highest concemracion lested (250 ^tai or 780 nM, equiv- 
aieni lo 6240 iiM of monovslenl CD46). Ia contrast, and m 
agreement with previous %vorfc (I0)| monomarie sCD46 At con* 
cenir«(iOi» of >420 nM (hOn 25 itg^mJ) displayed coCaccor 
Kiivi\y, AC eoneentmions of > 1.000 nhf, mopomeric sCD46 
waft almost aR eflklent as transmembrane CD4$, which eom- 
pteiely prevented the amplifieaiion loop of tiie Qb deporidon, 
leaving only around of the C3b ddpostlion, corragponding 
to the primary tick-over phase (Pig. 3 (boucn doited line]) 
(15). in addition, with intermediate concentrations of both of 
tbc «CD46<C4t^a (10 10 80 nM, equivalent to 80 co 640 nM 
monovalent CD^O) and 8CD4<S (150 to 400 nM) proteins, the 
amount of C3b deposiiiOR wa« higher than on untreatfid CHO 
celts (Fig. 3 [see values above the upper dotted line]). This 
enhtmeement was not observed ^len the oomplement activa- 
tion ^as performed on CHO.CD46 cells (not shosi^). 

sCl)46-C4bpa protein can bind sa MTV Both the oc< 
i^inieric sCD46-C4bp» and monomcric sCD46 were able to 
bind to L cells etpressing the MV h protein but not to the 
parental murine L colls (not shown). 8CD46<:4bpft exhibited a 
2.5>fold-blgher appai-ent aviidiw (45 nM, eqt^ivalcnt to384 nM 
monovatenr CD40) towards H protein than sCD46 (U9 nM). 

sCD46-C4bpa i.9 a potent inhibiicr of MV binding to CD4$. 
Tlte preincubation Of purified MV with sCD46'C4bpa protein 
resulted in the aboiilion of the CD46-fDediated specific binding 
to CH0.CD46 ixflfc ai a concentration or >470 nM (equivalent 
to 3,7fi0 nM monovalent CD46) (Fig. 3a). A similar binding 
inhibition ^as observed with 5,000 nM monomeric sCD46, 
Thus, whon iheir respective valences are ukcn Into aecount, 
both proicina have a sJrnilar lohibitory binding eiyidency. How- 
ever, while the inhibition eurve with the monomeric sCD46 
protein shows a regular linear relationship between 625 and 
5,000 nM, the corresponding inhibition curve observed with 
the oetamerie sCD4«^bpa protein has a steeper slope. In 
addidon, within the 15 io 120 nM range (equiyaleni to 120 to 
960 nM monovaleflt CD46), a lignlfieaat enhancement of MV 
binding to oclamcrtc sCD46-C4bp9 was observed, posvibJy re- 
flecting the binding of virus aggregated in solution by (he 
nonsaturating multimeric protein. Wlien the inhibitor was 
added after M V binding to CHO'C046 cells, neither enhance- 
ment nor inhibition was observed. 

sCD4M:4hpet h a potent CflhSbitor of MV glycoptiotaiB^ 
indnced cell-celt fusion. A quanUUtive fusion assay based on 



"it - Y CMO.CD48 
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vifoi iHttMi^Y (a; fufilWd MV «ii iAeuh&i£d ^hh eifhcr lOMfi. 

OJ^^wfOM) (Wack drcICi) or «Cd«« pweln (iritngiM) bcfti^e this sdlUi ion ol 
CKaCD44 ccJtli ilinruttirtly MV was inauUted wim CHOCD44 cdls 10 
-^/eh Ihc «a)46.0lbp» proiein •^»<fdftd (op«« drtfot). (b) tirfii. 

Jiiiff^n^^^^^!*^ (diamOfHJi). Y503 shU-F (jejwr^), of W>^4imI, 
Ci^ac) (e^t) MAbi. The rtt«ks iro esproH^d U « utfx^m ot llie frtteft 
tamcas HftU And MV-infcdcd McLl uM% oteer»ed In \ht afamw of MilMlof 
IS 4t^incS by Ik Iftvsl 0/ p.0»| uliviiy. (c) MV (100 FPU) IncubAlcJ 
Mth iCr)4ft<:4bpa proum (cSrdsi). <CD4^ pretcio {Ktluag^), of bfMnc Kram 
Albuffim (ewi) prior to inlccUon cT Veto celij. {i) MV (lO*, 10*, 10". snd 10* 
TClO« {trfatk <o lljhl iftPf GoUimrt). mspcci^eiyl) wai mcubAicd ihc 
i'ndiatcd rufeni, »nfl iho remoifliaK virvs wu ittrAk«d utirn ihe TCID^ my. 
Tlvc icsulu ftre tipitiKd u ihe MV rradlM noi imiusOM. Nmb ifm no 
m/Mrtw MV wic rate«cTcd fiom 10* TOOta MV ineubaiad wMn iCP46. 
04bp« Rittneiy rrBciiBR = 0:100). 

the conditional expression of P-Gal was used lo assess the 
functional propeny of the ociameric sCD46-C4bp<x protein to 
inhibit celtoll fusion. After 30 min of preineufaatton of MV* 
infected HeLa cells with this protein at 4'>C, an almost linear 
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dccrc«c m fusion with HcU celk was ohsarvcd, with S0% 
rnhjbtuon at 7 nM jlcquivaleot xo 56 nM monovaient CD4« 
and compldcinhlbiilon at 950 oM (Aquivaleui (o 7,600 nM 
monoviibn! CD46). Simitar dau was also gbscrvcd followmo 
prtiiiciibanon u^iih Bnii-MV H and anti-MV p antibodies al- 
(hough ihC4o aniibcdms were nor as efficieni, with S0% inhi- 
bition being obscfved 15 and 22 nM, respectively (Rg, 3W 
in compnrison, iha monomeric sCD46 proiem wu a poor 
fwron inhibiiof, with 50% tnhibicjon aaivity ai 1,100 nM?Fift, 
3b). As expected the unrelated WMl antibody had a miqimal 
level of mhibidon even at the highest concentration tested 
bimilflr results were obtained when the hamcier CHO CaDs 
gomfecied wiih recombinant vaccinia virus codinc for MV H 
ind P proteins Qad CHO.CD46 were used as cell Ajsioii parr^ 
ners. AS a conirol tot spedficily, cvciy fusion inhibitor was 
found noi ta inhibii ihc cclUcll fuvion assay mediated by Ihb 
closciy related CDV. ' 

sCD46.C4lppa is a potent inhibitor of MV tafectlon in tIm. 
wS^^ti f «»^«^w «CD46<>Jbpa protei'n was incubated with 
100 PFU or MV m the presence of Vero indicator celb, it was 
a poiani inhibitcr o( infccibn. with 5D9& inhibitory activity at 
17 nM (equivalent to 136 nM monovaienf CD46) (PJg. 3c), i.e^ 
^1??*'*"' 1*18 S0% inhibitory activity cAserved with cell- 
cell fusion {7 nM). In comrtst» and as previously reported (16, 
45). the monomeric sCl>46 was unable to neuiraluc Ihe virus 
. ss was (he conuol bovine serum albumin. To test the rcvcrs- 
iWliiy of ihis neutralizing effect. 10'» 10*, 10\ and 10* TCID«, 

^c!ii^Z,r^^Jli^^}^}^^ "^'^^^ ^ 300-*ig/ml concentration (i,e^ 
nM for >CD46-C4bpa) of inhibitor for 1 h and then diluted 
lOO-foId and more (i.e., below the 50% inhibiloiy aciivicy level 
obsetved when sCtMO-C^t^pet is left throughout the MV aeu. 
''*1^?"2JL**'!KL^^«' ^^JJ- ^ ^ts%iznt proportion of approxi- 
mate^ ^ SiL'l^yi''^ ' ^ irrevcrtibly neutral- 
lied by the sCD46-C4bpa protein (fi^ 3<j). The 48cl6 and-H 
MAb WQS also very elTicieni at neutraliaing MV although not as 
e0Kient as sCD46-C4bpa. with between 90 and PS% (i.e., Uba 
range) of MV being neuwaliacd. Interestingly, despite bcine a 
pottnl inhibiior of MV^induced ccJI<ell fusion, the Y503 an- 
ti-F MAb was anable to Irreversibly ncutraliae the vJrua. As a 
o^mral, incubsUon of KfV with WMl antibody had no effecL 
8CD4M:4bpft is n potent Inhibitor of MV hifeciion lb vivo. 
The neutraUziAg properties of CD46 reagents were then tested 
m a transgenic CD46 mouse characieriiccd by ^i) high sukco. 
tibjiity to MV infection and productive replication in the brain 
aftor intracraoial inoculation and (ii) obligatory use of iho 
celiahir receptor CD46 by MV ^\ft, 75). When U ftig (i.e, 35 
pmol Icquivsient to 260 pmol of monovaieni CD461) of ofr 
tameriB sCZ)46-C4bpn protein was coinjecied intracranial^ 
into newborn transgenic CD46 mice with 6.000 PFU of MV 
(Edmonston sirain), all animals survived, whereas mice iiioc^ 
ulaiwl with MV ajotttt were all killed, with a mean survival time 
of 7,6 days (Table 2). In the group of mice inoculated with MV 
and 24 M€ (i « , *00 pmol) of monomeric bCD46« three out of 
four mice died, with a mean fiuwivsl time of 13 days, The 
protective effect of both ocbunerie sCD46-abpa and mono- 
menc »CD46 were speci Ac to M V, since they did not prevent or 
delay the dcsih induced by the inoculation of transgenic CD46 
mice with CDV, which does not use CD46 as a rcceplor. 

The fusion of the C4bpB bundle domain to the ectodomain 
of CD46 resulted m the generation of a chhneric disulfrde- 
bound homOKJctameric protein. aCD46-C4bpa. This structure 
IS similar to the homo-ociamoric C4bp a>c|iains aynthesiaed in 
the absence of the C4bp chain (23) Md to the homo-oc- 



i. vtnoi. 

TABLE 2. Invhro neulrilislng Mliviiy of octtmcric sCl>4fi.C4hf« 
Had mononicf ic SCD46 proteinti^ ^ 
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sCD46'C4bpa 


3/3 
3/3 
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7.6 
7.7 
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amenc dnoiene snU-Rh(D) FV antibody (29). Compared lo 

!~?S5;S%f-2*" » reduced roctiv ly with two anlibodies. 
«.ti-SCR ir M75 ind teli^R III »>d IV QB24, ^Sieh hivS 

(1, 44) (Tkble 1). Aecordinely. it lacks any eobctor ictivltv 
wherew the monBHierJe «CD46, »hsdi ihoXs a reduced real* 

■Jl"*'»''y <°®24) Mill exhibits a sifiAir- 
team eofactor Mmry. Noteworthy, the SCR 11 domab of 
CD46 does noi eoRisin primaiy bindina sites for Ob but is 
««<»uired for the eofeetor activiqr. and the SCR III attd rv 
flomaiM contain ihe binding tilie for C3b (1). The lack of 
eobctof sctiviiy of »CD46.C4l»i« oi> C3b dcpositioofcltoSint 

^ lurprising because ihl 
^S!'^J•.^"^^^ slrueturaiiy and fiuirtionluy related to 
0046. Indeed, ihe C4hp moKcale (Sevan « cfaaiw plvs one B 
# i 7-! ^""o^ I *>f (be deavaee of 0(b Imi not 

of C3h{24 43). This activity ha,boen mt^io the fit«SiSi 
N-le™,ina] domaim of The C4bp a chain (24). A moMiveric 
membWHO-aochOTed C4bp a chain prOidn dbplaya «a adtfi- 
tjonaJ collet activity tor the facto? Lmadiued kwr«e of 
C3b. whtA mapi to both N-tcrminal and Cierwinil »CR 
^ locallaadoft of the CD46 
SCR III and IV domaiM adjacent to the bundle lesion of C(bo 
* chain eiEeciively bampert binding (o C3b sndfor COfaoOT 
activity throu^ iiertc hindrance. We do not have n nliafaelc«y 
explanation for the unexpected enhaneeinent of Ob tood- 
lion St mtermediate ceneentrations of both sCD46 wid pOM- 
04bp*^ alihough one «n tpeculnie about a iranstenl itaUllt. 
^1. . K ?* L " '^^^ con»eri8se, as previovsly obsei««l 
with golubiliied ininsmembrsne CD46 in the abtcnec of ia«tor 

' (43). 

, "^.^fP^ ' " domains of 5CD4€^:4bp« are attestibie 
for binding to the MV H protein. The W-fold-higher avidity of 
(he Chimeric protein, compared to that of monomelic SCD46. 
ccHJd be related lo cooperative binding of each of the CD4i- 
C4b^ niono«nw«ajtd/or CO subtle eonformaiiooal changes in 
IhBH binding ,ite induced by modified interactions with the 
undaflying iCR III and/or IV deimUns {% 14). The jCD46" 
Cdbpa prolejo exhibits a lower reactivity with three aoti.CD46 
M7< , interaction, including 

VK iJl inhibitor of the binding of an M V.gahible H 

(6) rrablfi 1). This suggestt that the loeal jmielure of the 

?S;.ifl ^^^^ f "'"'y •'^ «^ "-'""I 

transmembrane CD4« but can still aoeommodaie cffwient jo- 

icraetion wilh MV. This is in sgreemeni wiih die lelative in- 
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sonsiiivity of CD46 to point mutuiiofifi ot amino &cids in SCR 
1 and IJ domains (6, 26, S2). How (Iocs the oligomerio sUucuire 
of (he bCD4r)-C4t3pa comppre with ih&c Of luitural iraimnem- 
branc CD467 from cru^-linking experiment, CD46 seems to 
exist ^ aimers and possibly inrnzn (31). and ihc cry^ftt sUuc- 
hiro of a CD46 SCR I-5CR 11 frvement revealed a itimttit 
(^rrangcmeni (S). 

T)\c oetnmcrlzaiion of Uie CD46 eeiodomaln resulted in a 
chimeric proicin wiih an »ntl-MV aciivliy improved by 2oriI(sffi 
of mui;niludc» ilwi^ far uxcecdin^ the modest increase of its 
avidity for ihc MV H proiein. The mechanism of this antivirai 
acUviiy could be a competiiion for binding lo (he CCU surface 
CD40 receptor and/or an irreversible con forma (ional change 
uf ih^ fusion prouin inducad by Uie aimultancous binding of 
suvtfral adjuccfu H companion motecules to (he octameric t^- 
ccpior. In f;ivor of (he latter^ (i) (he octameric and monomenc 
reccpinr^ displayed similar eCncicncies in saturating CD46 
bmding siies ai t;(^ual valency* <U) oc intermediate eoneenira* 
tioAS. the oeiamcric protein resulted in »n incrcaacd amount of 
vinu^ hindme and/or uptalce wi(h decreaaed infectivicy (com- 
pare Fig. ^a and c)« and (iti) unlike iha anfi-F MAl>, its neu- 
tralizihg ahiliiy was irreversible in vitro. Moreover, this would 
explain the poicm ncutralizmg actrvicy of the octmcrre soluble 
receptor in v}vo. 

$CI>46*Cibpa is derived from S\vo human protvins^ ist devoid 
of compUrment rcgulaboiy properties^ has a high MM whkh 
should mcreaic its strum half-Ufa, nnd displays potent in vitro 
and in vfvn ntfutralizing properties. ConsequCAtly, it is a good 
candidate fur dinical use in the control of MV inlectioo in 
immu j woi np rcimiiwd patients (2, 4t 36), iit patients suffering 
from acult or subacute eneephallils, and in young children 
infi:c|i:d at (tie »iiical xransiiion age between maternally xrans- 
mi(tL:d aniihiMiy proieeikm and a succesifid anti^meaxlea vac- 
ciniiiHWi covufiigt (41). Further studies using animals which 
<kmi\y model (he human disease are ill progress to val- 
idaie thiik ikzw iherapeiitic concept. The C4bpa-based octamei^ 
jaa«K>n procedurij of «i eelluiar receptor might also prove useful 
in pcnt-raiing (ither cUkienc antivirus reagents. 

ACKNOWtfiDGMEKT!; 

D C. r.C. A,£*< and Oil. c<)ncn'buicd equally to inia work. 

Wtf ilunV H* Loi'viuid ler providine us with £4,3 MAb, rccembinsnt 
*«rcwt> pnwcin. «ad CfTO.CD46 celts; X Cauaaeo for providifiji 
Ti«a:.IIi aiuI iUlBk. Felhman and B. Roui for proMiding CB34; uid 
T. }kyst l4W piiividrng M75 antibodies. Tha rcagvnt vC02lR*lac2: wm 
fl*ii»i»vd ihroueh the All>$ Research and Referonos Reagent Pro- 
pmn. r>rvisiiin of AIDS. NlAlD, from C C Droder. P. E Kenneiiy, 
and U A. Dcrgcr. 

Tim work wax ujfporlcd in part by grsms from the Minlsi^^ de 
rbdvw*4tHni naiion^ite et d& la Recherche et de \t Technoiosit ^FN- 
Miri aihI frotn ilie A»ouAlion pOur la Roehcrchc conirc 1e Cancer 
Dsk ChrtMunsen. fairieii Devaux. and Atftxey Evl>shcv were sup- 
pcHtcd by Ivitini^hips from the Europeaii Union {Maiie Curie). Fon« 
JuicOA Mtf ricMx. and Fondaiion pour la Recherdie Mediesie, rcspcc- 

I Adfenn. K M« M. C. M. Nnn£.'M* KiycK Md J. P. Alkinioii. 1991. 

rnntribufivti of (he repeal ins UamAint of meinbr^ine GOfsetor pfoiein 

(CDoa) uf ihe complomuu lynem W >iaan4 bindtng and cpfmr aciiviiy. 

I ImfMifial. Nl!lfiOS^3a((. 
: Aifardi, U (M«t«t, M. L Amto-Muntl, and P. Lfibfid. 1977 ACmc 

iiK.s>l«v envepttolhb in dUldiea wtlh immunoMVFcMiOfW Pedmuks 6M.t2- 

j.W. 

3 AUJiiiia. c;.. C C »«odcr, md B. ^ Hflrfcf. Cell t)rpo-sp«cififi (miAn 
euf4vtM«deiGiimA£ hwm immiMadefideMy viiut type I iropiiB tbrTosIl 

4. Am;eU J. P. Wtlpha, IL. A. Lcrdh S. S. Mofcthtf^, M. MiSMrvfctf, It A. 
nclMliSr J. T. NvWfk 0. K. Sttfdain, md A- de«fP. 1D98. V«cdnfi- 



•swcbtcd mvMlei pnoumofliilt m adult wiUi AJIPS Ann. tm. McU. 129: 
lM-106. 

3 0 4lli«tt i* J* amos, C. M. DXnn, J. kiuiu. Cnuic, J. M. t^dbtii, ud 
Daiei. 1999. Proauoioa and BhaiattsriuliM dT a lotobK ftCf i«c ferm al 
Tva, (hd lubgrvup A svisn aRrconia and teuJiOsh «inif lecaptpr. J. Virot. 
?3Ll05a-3061. 

^ B«MMiolr, C J., IX Koller. P. Oovauv, C Mmctdtialer, J. SchncUk/- 
SchSulivSi W. Bratifi, ti* G«riler, and IL Ollneo. 1997. Mappng oT ihe 
primary binding ^it oT meat)^ vlnn la ■» «MepiAr Ct>46. 0|o). Chem. 
37*2207^-22079 

T auobtiol*, C. J.k tl. $«hiMidcr. P. D»atta, D. G«Hi«r| and A. Caltui^g. I04d. 

Cell cAi ry by meaiiei vimr loAg hybrid- rceaptgiv uncoapto blt^di^n^ from 

memhrMff Ctf jrion. J. Vtrol. 70!371&-37a3* 
& CMioffTif, J. M. Ian4a, miO T. Stebli. 1999. Ciyitsl itnidure eC two 
. C04d eomsim r»«ah an anofldad neules vifds.biAdin| rarfafia. SMBC I. ■ 

9 CufatiMfin, D., B, LMtimtd, P. KyWabsv. bd. UolcH. C lUattar^ and H. 
Ctrtior* 2000. iiitof action vf CXMS ^iih faBulc^.vinB (jHVy, seeettery fola 
of CIHd SCRIV. J. 0«A. Viral Sl:9U-9ir 

la Cb/iiiiaBi«n»D.,J.MUlaftd,)l,itt|iotlcf,l.P.CMck^ 

L J, PiiratlN aad IL l^'vttiiBd. I99d. &istncDziBg of reConUnniM laiDble 
CD46: an mhlbltor o( complement ae<iv2ilon. Immvooloar tfOAi^^, 

II. CaeaallrT K. tlaflCTr ind J. a. yoims» i99tf. A iftluble rarm of a reueptor 
fnt tttbgi^ A ftviin leukosis aitd ureema vjniiu (ALSV-a) block* m(bc- 
liOft and binds direeily lo ALSV-A. J. Vifol. sa:27^7a4. 

II Dablbaak, t„ C A. Smiib. and H. J. MiOlw^cfftiird. 19S3. vftvoliaalion of 
hunsn Olb^dpng prolein «nd lit flomp|ea«>((H vilam K^qpendeiU pro* 
lain 5 and ooM^etttnt pratda 0«b. Pme; Hal Acid. Sd. USAa<hd44l- 
3465. ' 

19. Dno, IC i. S. MeDowl, Iaa(li«n <^ (UMa4Miaicnaa, J. Anhqa. 
J. aaiMbeie; p. J. Maddon, R. Axel, nd fL W.SiNCL t988« Aaotuble form 
of CD4 (T4) provsia inhibHs AIDS vinia teteoUofl. Naiiirc 33i;a2>-64. 

IS. UcMiu P^ C J, IbKb&olJi, V. Schiwdtrr C. fijcadk«ri IL Catttnco. aikd D« 
Ccrlitr. 19!I7. CX>Ad cfion coiueiut» rcpoi^i III and |V eahaaae n«eaiUa 
«irus bndlnB bill mpulf soluble hamauliiilnfai bfndiog. J. Vfral. 7l:4|S7- 
4160. 

15, Dryavit, P^ D. CbriaUtiActu. M FoalaiBe, aad D. OcrUtr. 1999. CobItoI or 
Qb and C5b dc^tion by CIM6 (me>nbrata oo^etar praleia) after Slier- 
Mtivc faiH n«( deiittl eoAvpionant SOlfv«doii< Eur* I. Immvnof. MlS*^. 

16. Dawaiu^P^ff. LOTdSadr tX. ChrhliaBSt^ ^ MiOcad, aae 0. <Mi«r« 1996. 
TniaraAtions bclwaea ihe eeifldomains e( hacmissMitinbi ane CD4fi aa a 
pcicnaqr iUP U> meadei virus entry, J. Oea. ViroL 77tt477-iaaL 

p. Osffi^a^C A,Mai«U«A.Cbfipf%afidCD.IUc}iardsoa. 19DS, The Human 
CO^C fnoiccule b a /fificpfor fur raeaUu (Hdmonsion %U»m). Cdl 
?S,'a95-30S. 

IB. av|»8iifiv, A« e. Mene. ». ValH^iB,0. Aaoar,M»C.Tf«scal<IU£MU»J.C. 
Marie, C RfebaardtaKZombe, aad B. SlAir>aL 2000. PredvClrM Bwaaitfa vtnia 
brain if^Tcelian ipd SpoptDlis fn CM troinBie fntcfi. J. V(rol. 

\m. 

19. rha)cnlLA„j,aiatTloaia.W,h4c(tf,V.A>>«mii.J>,S.Ca<^ 

tia. IL Tlianf. B. D. Wa&cr, K 5. 9lrscb« A. T. SAuoicy* ei «L (998. HIV 
ioraeilon m blocked in viiro by fceombiinai aehdile CZ>«. Naiure a3l«7^7a. 

20. QaMtr, P. Oaniitr, aoO P» b'owtL (988. H»cia«sglutiiila of meades 
Vina: putlRfiaUaa md itongE utti^ prcscTvalian oi biolOsieAl'Snd immtfrto- 
IfiSM piHJpenieS. I Cm. Virol. S9;20S1.20fi9* 

21. (krlier,D.,&Lo^«I>iid,aVttr^lMaba«i^P.TIiartqr,Lr.CMtlUe^ 
lad C ltBbowdt a .Co<a»o. 1994. Mcadel virui rcap«er prOpenles arc 
Wisrcd by ic^al C04a Munas dlfciiae hi emnaaSiaUr Hgmifk and cyto. 
plianue taib, J. Can* Vinl 7Sdl6M17t. 

32. Ckrtiir, D.. V« VoriOi^Krffhaai^ aad P. Oema. I99S. CD4d-medlaM maa* 
ti4r vir^i aniiy; a Ant key to lUMt-fMgo ipodAaiiy.Trendf MtuttWel. 
U$, ' 

aa. Hareit. Yh p. Q^rtik dc rnlaa. and B. t^abiUik 1991 fixpr^Siiop and 
eharasiaifutian of a iftfioiabinanr Gflb^indins protein UdiihS ihe b^ia- 
ehtfn, Dincbemi 2. 2(^795-800. 

24. Kardis, A. Hmarp« aad D. OahlbSdL 1997. The anmio-immai module 
of tbc C4b*eiBding proicm nlpha-ebala k eiwill (or Oib'bhidiAi and Ssaier 
l^ficior luiwiion. Btoebem. I. 92Ja469-475. 

25. Horrai, P. pUraOlcr, a Variat .|Utbaaa> A. Cofdaaa. D. Gaifitr. aad C 
Rabovrdln-COAba. 199d. T'lAi^rtie laiaa tiprenaft human maasiSS vimi 
(M V> isecpior CD4$ pro«kla celli eabibUii«8 differcai pbrnuSSMibs lo MV 
uircclioas. 1. Vtrol. 7Q:dd72^1. 

26. ttsiip E. C, IL e. Oarit, F. Sanaci. A MaMil, C krk. and.C to. SUeliii«4- 
laa. 1997. ArilAdal motsiiOAi and nsivrll vadsiioai in Ihc CD46rmOlc<vl«s 
from hvTiMn and meaUy c^lli dcKne res torn imponam: Cor naidOf vinit 
bindins. 7' Vital. ]7!d 144^154. 

27. HuSHy, kL Richv4«>«fM.|Colnldl^^L a. 

R. r. Silktaas, T. Oertfiaan. B. WaUCfr, J. SadmU, and C U Ratabcn, 
(906' A telHblB CD4 protein lelaaiudy jahibita HiV lepl^caifoii and synoy- 
num formaUon. Naittro £3 1:70^ I, 
2& iMii, t. ScySt y. YSnaKl, J. M, Paiaiidor f. M. Jaluascn, M. Okabe, S. 
Uada, 11,, Arlca, aad S. Ni£a8a«M* t99S- Di^enUy ol liict tor aicailu ^ru 



BEST AVAILABLE COPY 



NIXON & VANDERHYE PC3 Fax:703-816-4100 



Jan 10 2007 16:25 P. 108 
NO. 0065 P. 10 



*6'n CHRISTIANSEN Ef AI_ 

COfMor pfMcm CIM«. 1, Biol, Chem. 2n:ij|4$.|)|S2. 

Ja M.IC, T. W. Pim." *Bil J, r, AMam. mi. M«nibna< eoTidBi 

urfR RuftteMcln. 2000. Afi&octti64 wilA DiulUpk (II mMBnia and 

S»1?^Xl£tI'7^ ^'^^'^ 
1994. Multiple fsorocmi of CDtt (auunbranc oofoaor ^vTm 
X MMtboici, ftt, A. VilMmWW K. Kt.«ltetB, M. K. liuMkl. J. Al-m>. 

Siffl/^^^SklSte^ "^'•^'^ ^ 

ca& mtit niimi Cibpr fjintCip«lwn orc*<armiiu| dontMu jo Uaot |«o. 
f8efOfMiiitty.lkW.i««n«ndC3Wl7.S44. -^nwwuaori^ 

mMSiu «4eema m ebiUlrCn ^ uwe icukomk. Am, J. Quid, »k lMi243- 

G>il«»ed. l»7. A 3D model for Kht mtailo vbui icocptfti cSI? ShSs wI 
itoiM»nf modsliRJU Monie CgHo simiiUliom, ud hemiMiiiiiiiln iMibdhiB 

38. Naoicbff, 0, C v^fteNbttkMnp F. Cirwg T. P. WIfl, B. Ho^ c JU- 



J. Viftou 

39. |>tort««vO., C C Br«>tr, Md E. A BtfStr. 1994. I^nw^^^^ 
^ fix ^^^loW'^^ ^ Rar44tvSknb S, iu««i>bUM. .«i 

S-!f *^*^^"* W<!5ftl-58i. 

507-509, in T, XHhunoub H. lOkulaf^ A. B, 0, K. •«! dera ^mTs m 

ls;H,'^nirs;sruVv^* ^^^^ 

WftRjio, Y. s, UiiM, iiri S. Mac* uwi. IMS. Qtodcru nwulu vbu! 

46. ^mUb^ a imc A Byrti. 8. A. Mvilcrt, ^ C^f9, X t O^oeBou. Mtf 
m h, MlUlck. 1990. SinMiiini <tivMi<ui;otii of C4b-^bifidim 



BEST AVAILABLE copy 



NIXON & VANDERHYE PC3 Fax:703-816-4100 



XP^00223112^ 




Jan 10 2007 16:25 
NO. 0065 



p. 109 

P. 11 



A RecombinaiiC Homan scFv An«.Rh(D) Antibody With Muliftiia v i 
Using a C^Termmal Fragment 0^04^2^^^^^ 

F.Ph,l0ertT.Tabarv.0.KlaUmiinrt,P,ftou9.r. and mM. Cohen ""^^S^' 



Monomerie recombinoRt moli^eiiln prow 90nef ally untttis- 

multw,l«m either struemriDy, a5«cl«Ii.fl different cha&Afi. 
or functionally, whM er ii,*./mHed by ittelr Ug^ndi. Mlmfck. 
ing ntrufal moKeuJes for immmt lni«rv«n4Soo imptleft ih« 
iie«d for itiijftimermng system^ to <r«ai* »fiulliv«leni moU^ 
cMlw capable of int^erlng with phmoiegi<»j prowMinn A 
mulnvBient Mtf^hiO) reconiblnim proieSn h., boon d^. 
signed fay recomtrtictihg the wfbody binding aH* of a hu- 
man monoclond amt«h(b) amib«<y at • sinoW choin Fv 
mini aniibody, thou mMltbtMirUSng fi mjortfnfl m in O- 

TVyrUtTIV ALBNT EXPRESSION of antibody comWii. 
iTx mg sues allows ihe creation *«f corapkxes diai are 
muUivalwi An<l caji muldspeeiSc and ns, thus, ausccpd- 
bJe CO a specirum of ihmpeutk and diagiiosdc ttpplu»tiooa 
MuiUmeitiatioo of chimera moiecures eaa be oonceh/ed 
according lo difrereni princif^. Two posisble orientaUoiis 
aw direct ecuplbig of die endlies concerned or ihc use of 
^ inteimcdiary mulirmeHzuig syficem through which rwo or 
inoic macular «pecie$ c^n be assoclarad U) f prtn heteromul- 
UmcTs. TWs second apprtach, susceptible t> moie general 
applicaoons ihe one we hjive chosen for the presem wo/k 
In a iherop&utic perspective, co be itonimcnunogBmc and as 
inen m vjvo u possible, ihe ft aimip,! wn/ening muldmeriz. 
tog potential should derive (rom a phyAiologicai canrtitocne 
of^nmian plasma and should noc acUvate complemeni. 

Tlie C4 binding protdD (C4bp) molecule. 4 normal plasma 
protein, is a SpidCr-likc jiiniiaure (570 kD) m^de of 7 a- 
chains and 1 /7-diain, Blndliiig she^ for C4bp moleeulcs arc 
located on cr chains. whereas (he proiein.$ binding site is 
located on die ^-chaln. A minor fonu imde of only 7 a- 
cheins is airo present at a lower eohceetraboa in noimal 
human plaxma. A third SoE/l/9<haiii molecule has ai^o beeo 
desertbed. Tlic basic repetitive suvciure of both cHains is 
i^med ahon consensus repeat (SCR). Each SCR of about 
60 aramo acids includes two imrs-chain diwlMe bridges, 

A minimal C4bp or C-iendnaJ fragment lacking biological 
ftinctions has been used to produce a soluble multimeric 
muluvsJcni single chain PV (scPv) anij^Rh(D) molecolc ^ 
pablc of spontaneous multunerixation through the aMOoiated 



Ff^m she Uhomoln d'immvnologic VFR Midedne, Fdft Bio- 
mUtiilis MCA. Rtimi. Pr6ntc: ikt invitm Naihni^ de Ttm/w^ 
StM Sang^ne, Paris, Fmca: and (Jhlft W7 CHJ^, CEHVl Hvpttai 
Fita Safyitriin, Panj, France 

SmhrniiiHi Oictmbt^ 2, J996f accepted JuAf 30, 1997, 

mim^giX HOpuat MmDebri, 51092 Mdmi. Ff^ct 

The puhtuQwion ^ihiM OFf/cfe wert dfff^yitd m part by page 
chwg€ peym<nt. ThU anieU mun tfie/^c^ he hereby mttrM 

© i997 by The Awurtm Sceiety n/l/ema/oiogy. 
0006^?J/97MlO'0032%3.0a/0 • 



S C-to^inal peit of the C4 blndinj protein 

<C4bp) alpha chain..whieh ia r*»po«riWc for the artarnTr 
multimeriwion of that mo»oe«lo, thie oohiWe mm^^ 

<RBCa) aBa^u,5„ated..iham, and did not activate compio! 
ment. This damonstratloii. model opens the %«y for foum 
m VIVO tfce ol m^hnnlenT mol«atdos as^oeMna antibody 
val^ncB^ and other funetlennl iwoteculo, ior c.Jl t^«irJ 
ir^ng, or removal of tolls audi m RhrD|.pesitive ABGs 
prov«ntin9Rhatioimniiini«ten. iF^iiinra^Bvsw 

C4bp fta^t. -niese n^olecules are hompmulumen;, which 
mainlain their capacity to reeogmze andgen boi have a higher 
valence number. 

Wc have ejected to use an anU-Rj^D) human singie^haln 
Fv K a model system for muhimerizaiioD. Rh andgen D 
IS borne by a transmembrane ung]yeosyl«ied piMlh Rh 
antigens, such as Rh(0>, can be conceived » aTanchtiiing 
pomi for heterochimcrle fimiecules with novel pmerti^ 
such^ enxymatie aedvldas. The RIKD) andgen ia i^ponri- 
blc for em-.Rh(D) .alWminUmaaiion by iransfiision and. 
2[21^^f ^!!^!!^ immunization. Is the most common 
cause of hemolyiic diaease .of she newborn. Postpwrum pre- 
vcniion Qf aJWnMnoniMrioB ia at the picsem dme affeded 
by im^kk» of bumaii polyclonal anti-Rh(D). fn the search 
for a funiie repl«eemem a muJUimeiic structure of a tnimo. 
cUmal dem^ anti.Rh(D) scFv is a first step in the constn.t> 
BCD or a hcteromultimeiic molecule dm can lorve to taioet 
Rh(D)-po&Uve red blood oelLs <RB^> b toltmA antibody^ 
dcpondem eel l-mediaied cytotoxicity effbctor cells. 



MAT«filAt^ AND METHODS 
Ctortwg ofAnihFhfD) Hmy end Ught CkutmA^cHahU 
Ktgttm Coding Sequences tmd Assmbly into an seFv 

A lyn^phoWMtoid caU line, H2t)SD2P5. derived ftom the pwpb. 
™ blood lymidiccjies of a hypciiiiunuftijad donor* and 
a luiman monoclonal igGl , K .pooifie for eiythroGyie Rh(jp) andgerL 
w used at i t^vsx of monoclonii cells u> reseue vvnsble eeavy 
(viq and light (VL> ivgionj via polymcfasc chain reacrtoo (PGR) 

Tha dnsle-chaia Fv wa$ conrmicted accoidlng lo die maihod 
tociibed by Marks ei 9L' AmpUfkadef) of VH and VL codma 
ftjinenxs was eireetod with (he specifte V gene fvnity pnm^* 
wed YH and VL were asseobJed by.^ whb a (Oly^^Ser)! 
linker, and the assembled Mractufes wete ekmed faito pHBN^j voe. 
toi* (Idodly pmvided by fVof G. Wjmcr, M.R.C Laboatoiy of Mo. 
towlar Biology, Gambrtdge. VKy Clones w«e icuid fbr eapxes^a 
of soluble scPy after icopropylittiogalaeieside induction,' The icPv 
ecwevct ftom a clone with h|gh specific leaetiviiy to aatHUKD) 
fi«>ihrocyief was lelectod fbr oonainictmi of die eblmana pioidn/ 

Primers Used to Ampiify the C-Termmal ^an(tfthe€4bp 

Jhn I74.ba$e pair dcrroinal C4bp a fmgment was ampIIAfid 
using ihc following primttv 5' ptimer »idi MYC Tag, J'AOTgCG: 
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H\n4 

Ut/vj 




scFv ]iiiUlUi(0)C4bf^ 



MVCT^c 



UftUVl 




tff^r uU IUi(P) KVC C4bjpft 



for Mt||iinM{caKF« Hli(b)M MVCToo muhSiiwrtoKMIttian fv§%mr 
itumtf AminB mM aaq wi igM ol lha jimetrvn mam bg»^ — n wfv 
-™» c-t»rmiii«l pin of C4bp cv-cMEn i »— — 



Cicning qf the jcFv Anti*IOi<D) C<bp Canstmct (mShl} 

Resiriction enzymes and' alkftlinB phMp&ausB tiMd tot ctDning 
purehiMid r#om Bo«hringar MinntebB CMeyln. France), the 
T4 ONA Itgftiidfl kit Mscd ma» from Oxysn (MorrtiBny-U^reion* 
ncux, Fraftct). Thd scfv eonstraer ciciMd Trom di6 pHEN^l 
vccior by digesiloo Uie Ki/idm and So9 1 Bi»s, ami indudiiis ihe 
baccGri«) leadcf ptplide pdB.'* Thfi unpUf^cd 04fap Intsinfim 
digested ^ //«r 1 and Xlip I TKe^ iwo DNa fragmsms^eM Uakod 
fo i daphosphenrluad pICO veecof*' difeKcd by IfwdUI sad XAo 

Che pKC3 scF« ami^Rh^D) C4bp eoftfnuef (mRlil). 

TroMjeeUQA Chinese Hamiw Ovary (CHO) Sukaryottc 
Ceil Um and Ampiffieation of the Tton^ct^ mJUhl 

DlhydrofoUuft raducia«e (dhlr) oe^iivd CHO celU (ATCC CRl^ 
9096: Amehe» Typo Culmre CoJleedoa, Kockvifle, MD> wm upbd 

fortr2tt$fec(ion. 

TransfcciioA was pctformed usisg a calchim pboqrtwid trmfo:^ 
kii C5 PriiBfi»3 IMme Ine, TEBU, It Perray Ea YvcKnes, 
Fksnoe). Pbfffltd pKG3 kPv and-Rh(P) C4bp or pKC3 <cpv anii- 
Rb(D) C4bp MYC Tig (As I) tiouaosfccced widi Ihe dhPr 
fclceiive pUsn^iii ST4.'^ CKO innilbmdd with xhc apprapnaiA v«> 
t9i> «m selG6t6d ucofdiitg od tbnr ability lo gcow in imekodde- 
free medium. The uresiiing of posUive ctones was pcxfom«d by 
dtfQct bemftgeltxdntfioiu Subsc^uthf seSccdvc cycJii^ in pees- 
eooe ef increasing coAocnnbAiis (OiCC2 id ^ ^imoUL) of am^hop^ 
teiin (Metbeormw Slgm^ Si LovS«, MO), s pocedi inbiUfor of 
dhFIr fvpelion, rettiltetf in «h tmpUfieartCB ol fts mCc^aiad WA 
and vn lACffised cacpmiidn ot iMc iwaUimerie tcFv. 

Cfti'icsi and columu ^b»ere pudnsed from Insdua J. Boy OUimi, 
Prance). Twnuy tnliaolifefs of « ISft suspension of p^pnid-treaXfid 
oytbiQcytes <E) were ifwnibftted 30 muwte$ u 37*C wftfi y> |«L of 
pure or dilaied superaixnnts of 8n»AsCeoia4 utte- A£ghidiM«on vr« 
then pssesie4 \n Sephatosc columns ate i ifilOOg ccniriCogMm of 
\0 RiinikceA m room tempemuiC. 



GCCGC AGAACAAAAACrCATCTCAGAAGAGCATCtG^ 
AATOAGACCCCCCaaGQCTGTOA^'; 3' primer wiihovc MYC 
Tag, i'.AGTg£SS££2SAGAOACCCCCOAACOCTOTOA.3'; 
3* prtjner, 5'^CTCGCXX3COGC CTCGACOT ATAGrrCTTTA- 
TCCAAAOTGG-3*. 

Underlined vequnces repfesMi rcserietion cadoaoclasse filic>. 
the y and 3' piimors concam ^or I and Xho I «icei^ reapccdvcLy. 
The scqueftce depicicd Jn bold ciiaraciefs codes for ihe MYC Tag 
peptide.'^ TVo different sequences were amplified. The ftrsi se- 
quence com^ned a stop eodon ^ a re$cricxton ntt for XHc I at iu 
i* tfid as wdl as s renhcdoasne for Sot, I at ics 5' end. Tho seeoMS 
iequacc'alsb coaum&d cbeso nunking sequences ms u a cbdiiig 
seqBcftce for the MYC tag pep^da st iis 5'^ end, ddwnsacam lo die . 
Vol [ site. Tbis p^d^ allotvtd deteouon and charaeterizadon of 
tttt reoombiBant protein (Fig I), 

PCT Ainpiificaiim 

GeAomic DNA was ased as a template for PGR ampUficaiion. 
The foaetion mixnirc was subjeeced LO 30 cycles 0/ an^Hlicatian 
using a OcAC Amp PCR Sysicen 9600 (Perkin^Elmer* ^sler Oty, 
Ca). Cytlei were of 1 miMue at 94*C 1 minote « 56"C, and 2 
minwios si 7rc DNA W98 then disfaSl^ with Not lutdXhol 



ImmynoprecipiUtfion 

Anti-MYC Tag ffioncseloogj eniibody <MoAb)'' from MYC i- 
9B10JZ (ATCC aU^t729> ecU line was pvriAed ttsinf (ha oeunoie 
aoid, contra prtd^adon method^' and oiodnyiaied unitg a bydroay- 
suceioimide IjC bioda linker (Plana; Intotbim. Momlu^n, Fmoe) 
ttficofdhig (0 die mnnMfacniwr's instn^edoos. 

AtQl&(of3x 10^ cells in a 75^* flask were labeled during 24 
hours'- ai 37*0 oiing i70 /iCi/mL medUound^yAoinc (Amcf- 
sham. Let Ujisi Y^hMce) in. 7 mL of. in«tixonine and eysTe^o-fiee 
RJPM} . IMO msKtfm (TON, Orvyp Frtoce) ^u^^enieciled with ipS^ 
noat-inieiivBied fetal calrseivtB and 2 {p^ol/LgiuiAmine,,M^ 
■ bcadf-cpaied «^ib sfao^. an^nMy&M .)^ 
plegiw,. France) ^fciie^^cubated^^ii^^ 
w^lng. inii<ninoprec»pUa(6d'prot^s'4^^ 
. deeyl.su)pbat^pbryaeryUmtdagcL.(iSD^^ 
.doviredttdag'oondiiions.'-^ / 

Immunoftuc'risceTtce Msays: Ajicximefif cfihe Fixation of. 
mRhJ M MCs 

Twenty microHiefi of 1 2.5% suspension Of papaw-vopied Rh(P> 
posidve RBCs incubated fbr 42 mlmnea ai 37*C with 50 |iL of 
fflRb I supertiaianc wadted twice In phoiphaie-burrered aaUno (PB$> 
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.W'«fli«nieU wiih ,<h bovine lerum «lbuiiun, then tnciibueii wi.h 

vtoujly de«ribtd." S«i„cd RBC. ««B fixed m OJ7«To,JJ.w! 

-Wiv* RHC. were used « . negative co^al. A eo^nil £ 
««06 flnU.Rft,D) DFS humin MOAb. fran. which tSS- 

Compleneiu Fuetion Ttstf 

a«.^u« Of 2jft ««p««,^ of p^ZSl moy^^J^ 

10- .ODic .uenjih Mtine buff*, j„oJ»di»5 ais mrnoW. O^'^m 

niaib«k» of I J of Mti-MYC Tag MOAb. 

ineubwioft before muJas juiruw {rig lenim. Coned MatkmuaTr 
mJU.1 00 RBC, cb«k*d b, Hot o^mi^lmlSZZ^ 

««-M YCT.B MOAb. and «. art.iiy p«ifiea ««bSf Swi 
m^c IgG «d IBM <h«av, ^ «gM eb^,j , (Pie^SrCJ. 

2 " IS nifflolA. C.«' aod O.S mmolA. Mj*', waTflw, added, imd 
b*mM Ob (Cappel). RBC» *«c washed Iwice, »biblM«d U 0 37« 

RESULTS 

toincd wrth C4bp and C4bp MYC T« muhin.e«J„. t,S. 

These inRhl directly ag^luiimiied papain^mued Rh(D>. 
potibveftBCi. isdid BjHi-Rh(D) MoAb 0F3 (Re 2), unlilce 
moooinerre «nli-RJi(D) aeFv (daw not shown), and could 
' '"•*»»i*e'y- «SgJuiin«c nuiv« rbCi, which (he 

proved suible: Supemawnts piodueed in, the eeune of Ihis 
HW* arc funcuoMl by direct flgelutination after 2 yoa.« 
at 4 C, and tesiiog of mfthi supematanii eveiy week for 
-eclerated aging duii,^ i „,a^ „ ^-j^ rto«J„ ,i-„.fi, 
eantdectesw in Maining iateaaiiy in flow cytomeity binding 



uaw er AL 




A fin. expenmeac of hio(y«heiie "S labettng followed 
WkD, .he higher tana being laqjCy predoi^^n.. 

rfStirJ^I^' *e physiological pattern 

w«h a few hept^mer* and h«,ar^. After cloning bj W 
Ami «l.l«t.on. a clone only .eeretiag ttm moleeJte of ihc 
h«h«, molecular w«ig.„ wm .hoscn »mI .ubeeogendy 

weight on SDS PACE analysu was tttntat by Ihis mRhl- 
•nuwfocted CHO ceU elone. The moteeuiar wcStTlL 
tnonoiiHfnc cofflpeaeni wat auetsed hom SDS-PAOE under 
reducing condi^oni aiMl .» found w be 27 kD. The<e data 

SI^^Cj)" 

Tte acPv MYC Tag pivdwct did not lend ieelf wolj m 
q«.nt,fic,Uon. po«lb|y because of the posiuoa of the ug « 

a more, powerful vector,, enfifneettd Qt>a« (cachea a 10 to 

^•aa airikingly belter on papaintreaied RBCi and dwine a 
wann ineubation. wwmib ■ 

Plow cytom«rr eotnpetiiion ««perinien« between mRh I 
and^human «0-Rh(D) DPS MaAb,f,om .hkh orlgir«,«» 
ho hindmg *,.eof mRh), showed a dose-depenOCm inhibi- 
rZ *' VcciRehy of mRhl. binding on RBC». In 

complcmeot lysis eipenmcnu. eomplemenf fi««ioo was 
toja|d on mjhl eoaurf RBCa whcrea, a sigmficani lysi. was 
t*««ved when an wj-MYC Tag and an amjmouse ig duiU 
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S981 



umv ifnmunepfMlpitMtd mtng •ni»*MVC Tag 
Mo Ab. lmmuno«reciph«CM imo run on SK lAI fend 
10% IB) pOlvaeyvllkinWB g«U Imtfvr noniadudna 
(A-2 iiid A4) •MlMdiicuifl eoftdiliMis (B-2|. UlWdns^ 
laciad CHO coll rmmuno^rod^MflttS fiofvod »s 
n«tf«|iyo corttrola ^A*t and LoRO A«2 doptC\S < 
llir«o*hond ht«MOflff«caui h«xOinot«, hepfamoro, 
ond BCOPTtto pfofilo oburv«d uAdar nomMludno 
coAdkieofi ta o btosv^atSc liboMnff ovporimont 
from « bulk of trumfeeCod boforv linlil sIoiriBfl 
Oil 



205 M>a 



Il6kl»0 



39kDo 
201(90 



antibody enhnncin^ sy&tem was used a positive comrol 
af hnih roRhl binding ^ complemeni poleacy (Fig 4). 

Taiccn logeiher, Ui^sa d&ia showed the ncrciion by mRhl* 
iraosfecictf CHO ccUft of » unique solu)}le mulumeiic mole- 
cule with mutdvaienl antibody piopoitlesi devoid of DAy 
eolinpiemcnt iuaiion aciiviiy. 

DtSCU5SiON 

The use of molfixulea of hviman Qrigin for therapy began 
with the use of polyclonal whole antisen. MoAb allowccl 
produciion of b<^t£r defined moieculcfi, which led to repro- 
ducible and weii^nicoited producti. However, their use 
remsuned rnojitly limited to simadoiis in which the desmic* 
lion of a iBrgct is needed because of the properties of the Pe 
frasment of Amftci^l siructurex such $ingie chain 
aniibodiejs*'^''*'** generally have a short half-life, have a low 
avidity bi»iue of ihefr single valence, and are, in most 
circumsianccs, unable to trigger biological funOtSona alone. 

The osBociaiion of different structures In a given reeombi- 
r^onv molecule has been hampered by proUems became of 
confomiatfon and accessibility. Different approaches have 
been proposed fO obtain bivalent or fviultivftienl molecules. 
Chemical linkage of proteins lo polyethylene-glycol or dex- 
tran is cumbersome, requiring large amounts of purSfUsd'mar 
terial.'^ Disulfide linking of Pcy or use of Fc^ fragments lo 
create muHlvaient Ig inokcules^^^ has been proposed to 
mainilUB and am^riifV Pcrmcdiaicd functions. However ihe 
eabaneemeni of Fe-assodaied reactivily, such as antigen- 
independent ctHnpiemenl eclivation, can be undesirable in 
a therapeutic oonteitU The moleeuies synthesiacd in chase 
systems have been heterogeneous, varying from monomers 
to hcpcamers.and higher order strucairea. DimoriKatkm of 
smeller F(ab')2 or Pv sirucuires has been effected through 
the use of amphiphalic helices, either loucine icippers. or bun^ 
dlc-halix constructs.'"'" The foriher do not saiisfactonly ro- 
;ict (0 the introduciioB of a covalent liali; and, ihus/are poten- 
tially unstable; furtharmon, these molecules arc not natural 



components of plasma and may prove immunogenic. Other 
approsches to dimerization of scFv have been proposed.^' 
such as diabodiM.^* Naveitheless dimarie scmctuies may not 
be optimal for gtvm applieaboAS. 

Mullimeric consiftiotioni. such as those described by iio 
et alt" based oo fusion to protein A* can gcfiarate eompieaes 
of Fv-protein A and IgG ^Ith variable stoidUomfeiry or by 
DiSbcl et el«^ in which sePv ana fused lO a coivstre^vidin 
suucoiit allowed the creation of tatramoric antibodies whh 
additional coapU^g possibilities because of the presence of 
blotia binding sites and oyMetn^s. The use of a hoterosntU 
genie fragment, protein A, or siiepuvidin carries the risk of 
an immune response which could seriously limU potonitai 
therapeutic applications. 

The C-tetmina] C4bp multimeriung system fulfills the 
requirmCAt of a muid'^ptiypose multimciizing system for 
future in vivo use. 

This study established that the C t^nlnal pan of the a- 
chain of C4bp is suffictenl to Induce polymerization during 
protein ayniliesiSi and, although Uis axprcssion vector codas 
only for ttionomers, multimers aia assembled in the cell 
wiiboot necessity for secondary modifications raauJtlng in 
iho secretion of a unique, eovalcntly linked soltoWe molecule. 
This rcsaareh. model can be (\mher optimiied to meei the 
needs of htgh-bvel production. Clcarty, production system, 
vectors. UadCT scqucncd anci juY^lon area at the 5^ c&d ol 
the C4bp multimerizing system have lo be optimized for 
that purpose. The multimeriung structure originates from a 
nonnai component of human pu«na avoiding inrununimion. 
U does not impair the solubiliiy of multimerie molecules 
and lacks any biological funciion. AUhoogh only electron 
microscopy images will resolve the qtxenion with certainty, 
it seems reasonable to believe that the ibi«e ifivkimeHc fbrnis 
observed before cloning were the counterpart of dtc physio* 
logical fomis of C4bp. because their r^jative proportions 
were also in sceordsnce with the phyatological patceni: There 
was a major representation of structures with eight valences* 
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10 20 30 40 
C3 Perccniage of maximum lysis 

B 

□ Percentage of maximum lysis 
10 20 30 40 



S 10 15 20 
Q Percentage of maximum C3b deposition 

iM^Ju lti(*«t -diwwJon th. «wnpl€incnt sytVMi toy jh^ m^ii. 

~ ^JSl mflM ind .i. amCMVC r,. 

J7«*te0fA«n€iiHi5v«€m. WCwtnrfRBC*|*«*m9njllh1ii»tt*l«- 
•"'^ lmmunofh»or»«»m» convftls of mMit uuf 

«uHiii9iiii.«lvcophorinAMoAb. „ "™P"nw«« 

a higher number th^ rwchcd by any oihcr muJUmeHzing 
»yM«n. Ajlhouf h no de^nii^ eApl^otion i« available for che 
vahationik in (he sirxiCwrc of muliinttfs produced by ^ifrcctfii 
cell clones, ihey could be prone lo v^ristion in proicifi ayn. 
Uwsis rate encVor (o Jntef/ertnco of oiher pitXcin syntheses 

in Oic polymcrieation ^mm, A possible cffea of sequence 
vAn^ioii appciira less likely, because no clone only seeretme 
wmcr hcxatners or Jiepiamers wiihoui octamerTt has been 
de5ecwd. but this hypoihesis cannot be totally ruled but. The 



L»YH fiT At 

nuikinwrizing System provided che multimcrfc mRhl. with 
the ability 10 Dgglutmfllc RBCa , svggesUng ah imwovcmTi 
of UK «Pv binding through its muWvalenl nBluit 
of complement actlvfliion from mRhl-coated IIBC» eug! 
ges^ed fl promising poienilal of chis syMm for fuoire fn 
VIVO harmless targeting onto ceU$. htn: eonsitiered either as 
|«wponcr^ of various biologically pcUvc molecules or for 
loealiziteion by imaging of cdte cxprctting an inappioprim 
Antigen. 

Muliiked)*. may aUo be developed from «hU model of 
tntihi.*cFv. MTCe(«ine dlftoeia* antibody bindiDg ..im 
afiwnw vanous epicepes of a fliven awigen. u) nuin^i, 

cftec. o/d.rierc« fli>,.bodies in pdydonaj wdwa 

Fu ure dBvelopHwnis of «Ws syslem towart.. heierofunc- 
iicoal rmilihnenc molecules will include the uto of C lemii- 

«al IWrtsof both «. ««1/J<:4bpchoi«*ortt«uieof modi(l«l 
«;£h3w» 10 control the ratio of two oompanemi i« fcetew- 
ch.(oeno molecule, and le moduhte cho pelymeri«adgn pio- 
««. Ttese hAierofanaianal mukimerie moleeotes wiliX 
«h« naaii, ihe lack of compleMeni activaiioo iMopcaties of 
Ui« syiietn. for mample for enzyme replaeamew O^npy or 
iiMeine. or will iOGOtporate coinpteineni aciivaUne or c«ll 

Rh(D).pM.uve RBCs tnd prevonHng Rh .JIolinmi«iaaiioS 
may be deiigned (nm dtis «y»em. ivu««ion. 
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